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this substance, either baked or unbaked, float in 


tay water ; and a twentieth part of argil may be added 
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eaten ameanad 


‘ed 5 pounds 64 ounces. 


to their composition without taking away their pro- 
perty of swimming. These bricks resist water, unite 
perfectly with lime, are subject to no alteration from 
heat or cold, and the baked differ from the unbaked 
only in the sonorous quality which they have acqui- 
red from the fire. Their strength is little inferior to 
that of common bricks, but much greater in propor- 
tion to their weight ; for M. Fabbroni found, that a 
floating brick, measuring 7 inches in Jength, 44 in 
breadth, and one inch cight lines in thickness, weigh- 
ed only 144 ounces ; whereas, a common brick weigh- 
The use of these bricks may 
be very important in the construction of powder 
magazines and reverberating furnaces; as they are 
such bad conductors of heat, that one end may be 
made red hot, while the other is held in the hand. 
They may also be employed for buildings that re- 
quire to be light; such as cooking places in ships, 
and floating batteries, the weir of which would 
be proof against red hot bullets. The turrets which 
were raised on the ships of the ancients, says M. 
‘Fabbroni, were perhaps formed of these bricks ; and 
perhaps they were employed in the celebrated ship, 
sent by Hiero to Ptolemy, which carried so many 
buildings, consisting of porticoes, baths, halls, &c. 
arranged in mosaic, and ornamented with agates and 
jasper. : 
Bricks appear.to be of the highest antiquity ; 
and, as we learn from sacred histery, the making of 
them was one of the oppressions to which the chil- 
‘dren of Israel were subjected during their servitude 
in Eg pt. The bricks of the ancients, however, so 
far differed from ours, that they were mixed with 
chopped straw in order to bind the clay together, 
and instead of being burned were commonly dried in 
‘the sun. Vitruvius recommended, that they should 
‘be exposed in the air for two years before they were 
used, as they could not be sufficiently dry in less time ; 
‘and by the laws of Utica, no bricks were allowed to 
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be used, unless they had lain to dry for five years. 
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From Dr Pocock’s description of a pyramid in “ve 


Peypts constructed of unburnt bricks, it appears that 
the Egyptian bricks were nearly of the same shape 
as our common bricks, but rather larger. Some of 
those he measured were 134 inches long, 6% broad, 
and 4 inches thick; and others 15 inches long, 7 
broad, and 44 thick. The bricks used by the Ro- 
mans were in general square; and M. Quatremere de 
Quincy observes, that in his researches among the 
antique buildings of Rome, he found them of three 
different sizes. The least were '74 inches square, and 
13 thick; others 16£ inches square, and from 18 to 


‘20 lines in thickness; and the larger ones 22 inches 


square, by 21 or 22 lines thick. Among the cele- 
brated buildings of antiquity constructed of brick, 
were the tower of Babel, and the famous wails of 
Babylon, reckoned by the Greeks among the wonders 
of the world; the walls of Athens, the house of 
Croesus at Sardis, and the walls of the tomb of Mau- 
solus, The paintings, which were brought from La. 
cedezmon to Rome, to ornament the Comitium in the 
edileship of Varro and Murena, were cut from walls 
of brick ; and the Temple of Peace, the Pantheon, 
and all the Therme, were composed of this material. 
The Babylonian bricks, which are in the possession of 


the East India company, and upon which Dr Hayes: 


has lately favoured the public with a dissertation, are 
inscribed with various figures and characters, and are 
supposed by some to be a part of that brick work 
upon which Pliny tells us, that the Babylonians 
wrote the observations which they made of the stars 
for seven hundred and twenty years. See Fourcroy 
et Gallon, Art du Tuilicr Briquetier ; Jars on mu- 
king Bricks and Tiles; Rozier Introduction aux Ob- 
servations sur la Physique, sur ? Histoire Naturelle, 
et sur les Arts; Hermanus Essays ; Nicholson’s 
Journal, vol. ii. p. 498.; Repertory of Arts, vol. iti. 
p. 84.5 and Encyclopedie Methodique. (u.) 
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Turns are few operations of art in which mankind 
are more deeply interested than in what relates to 
bridges. The ingenuity and hazard involved in con- 
structing them; the numerous advantages derived 
from them; their being from objects of utility, in 
many instances, raised mto all the magnificence which 
science and power can exalt them ; justify us in treat- 
ing the subject at considerable length, and endeavour- 
ing to exhibit under one article, most of the material 
circumstances which are connected with it. 

In order to accomplish this, we shall first, in a 
cursory manner, trace the history of bridges; se- 
condly, state the theory and ‘principles upon which 
the rules, which ought to guide the engineer, are 
founded; and thirdly, explain what relates to the 
practice of bridge building. 


Hisrory or Brivess. 


Bridge. 


THE construction of perfect bridges, being a very History. 


complex operation, cannot have taken. place amongst 
a rude and uninformed people; and in.the course of 
this discussion it will be seen, that this did not always 
correspond with the progress of. the other arts, even 
in situations where the intercourse was great. 

The most obvious and simple bridge is that form- 
ed by single trees thrown across small streams, or, in 


case of broader streams, by fastening the roots of a 


tree on each bank, and twisting together their bran- 
ches in the middle of the stream. These must have 
frequently occurred by chance, and they fall within 


-the comprehension of. the hunter; accordingly Mr 


Park found even the latter mode practised. on. rivers 
in the interior of Africa, 
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The next step is not much more complex, for in 


‘any’ a space too great for the beforementioned operations, 


few manual arts were required to form ropes of 
rushes or leathern thongs, to stretch as many of them 
‘as were necessary between trees or posts on the op- 
posite banks, and connect and cover them ‘so. as to 
form a slight bridge. The following accounts given 
‘-by Don Antonio de Ulloa, will afford a distinct no- 
tion how these sort of bridges were constructed and 
used in the mountainous parts of South America. 
See vol. ii. page 164. London, 4th edit. Svo. 

“‘ Over the river Desaguadero is still remaining the 
bridge of rushes, invented by Capac Yupanqui, the 
fifth Ynca, for transporting his army to the other 
side, in order to conquer the provinces of Collasuyo. 
The Desaguadero is here between eighty and.a hun- 
dred yards in breadth, flowing with. a very impetuous 
current, under a smooth, and as it.were, a sleeping 
surface. The Ynca, to overcome this difficulty, ordered, 
four-very large cables to be made of a kind of grass 
which. covers the lofty heaths.and mountains of that 
country, and called by the Indians, Ichu; and these 
cables were the foundation of the whole structure. 
"T'wo-of these being laid across the water, fascines of 
dry juncia and tortora, species of rushes, were fasten: 
ed together, and laid across them. On these the two 
‘other cables were laid, and again covered with the 
other fascines securely fastened, but smaller than the 
first, and arranged in such a manner as to forma level 
éurface ;,and by this means he procured a safe pas- 
sage to:his army. This bridge, which is about five 
yards in breadth, and one and a half above the surface 
‘of the water, is carefully repaired, or rebuilt every 
six months, by the neighbouring provinces, in pur- 

suance of a law made by that Ynca, and since often 

. confirmed by the kings of Spain; on account of its 
prodigious use it being the channel -of intercourse 
between those:provinces separated by the Desagua- 
‘dero,”? 

. Again, in vol. i. page 430: ¢ When the rivers. are 
too:deep to be forded, bridges are made at the most 
frequented places. OF these there are two kinds be- 

. sides those-made of stone, which are very few: the 
former of wood, which are most common; and the 
_latter of bujucos. With regard to the first, they 
. choose a place where the river is very narrow, and has 
_ on each side high rocks. They consist of only four 
long beams laid close together over the precipice, 
and form a path about a yard and a half in breadth, 
being just sufficient for a man to pass over on horse- 
back ; and custom: has rendered these bridges so: na- 
tural to them, that they pass them without any ap- 
prehension. The second, or those formed of bujuces, 
aie only used. where :the breadth of the river will not 
admit of any beams to be laid across. In.the con- 
atruction of these, several bujucos: are twisted toge- 
-ther,-so as to form a kind ‘of large cable of the 
length réquired.' Six of these are carried. from one 
sidé of the-river to the other, two of which are con- 
siderably higher thanthe other four. On-the latter 
are laid 'sticks'im a transverse direction, and over these 
braitches Of trees as aflooring ; the former are fasten- 
ed to the four'which form the bridge, and by that 
means serve as rails for the security of the passenger, 
who would etherwise be in no. small danger from. the 
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continual oscillation. The bujuco bridges in this Bridge, 


country are only for men, the mules swim over the “yam 


rivers ; in order to which, when their loading is taken 
off, they are drove into the water near half a league 
above the bridge, that they may reach the opposite 
shore near it, the rapidity of the stream carryin 
them so great a distance. 
dians carry over the loading on their shoulders. On 
some rivers of Peru there are bujuco bridges so large, 
that droves of loaded mules: pass over them; particu- 
larly the river Apurimac, which is the thoroughfare 
of all the commerce carried on between Lima, Cusco, 
La Plata, and other parts to the southward. 

« Some rivers, instead of a bujuco bridge, are pas- 
sed by means of a tarabita; 4s is the case with re- 
gard to that of Alchipichi, This machine serves not 
only to carry over persons and loads, but also the 
beasts themselves; the rapidity of the stream, and 
the monstrous stones continually rolling along it, ren- 
dering it.impracticable for them to swim over. 

“ The tartabita is only a single rope made of bu- 
juco, or thongs of an ox’s hide, and consisting. of 
several strands, and about six or eight inches in thick. 
ness. This rope is extended from one side of the 
river to the other, and fastened on each bank to 
strong posts. On one side isa kind of wheel, or 
winch, to straighten or slacken the tarabita to the 
degree required. From the tarabita hangs a kind of 
leathern hammock, capable of holding a man; and is 
suspended by aclue at eachend. A rope is also 
fastened to either clue, and extended to each-side of 
the river, for drawing the hammock to the side in- 
tended. A push at its first setting off, sends it 


“quickly to the other side. 


“‘ For carrying over the mules, two tarabitas are 
necessary, one for each side of the river, and the ropes 
tare much thicker and slacker. -On this rope.is only 


‘one clue, which is of wood, and by: which the. beast 


is suspended, being secured with girths round the 
belly, neck, and legs. When this is performed, the 
creature is shoved off, and immediately landed on the 
opposite side. Such as are accustomed to be carried 
over in this manner, never make the least motion, and 
even come of themselves to have the girts fastened 
round them; but it is with great difficulty they are 
at first brought to suffer the girts to be put round 
their bodies, and when they find themselves suspend. 
ed, kick and fling, during their short passage, in a 
most terrible manner. The river of Alchipichi may 
well excite terror in a young traveller, being between 
thirty and forty fathoms from shore to shore; and 
its perpendicular height, above the surface of the 
water, twenty-five fathoms.” 

A third mode of bridge building is, by construct- 
ing piers of stone at a distance to be reached by 
single stanes or beams of timber; if used in shallow 
streams, and composed of rough stones, laid without 
mortar, it is likewise a very simple operation, and 
such as wouldireadily occur toa very rude people; but 
if the stream was.at all times deep and rapid, and the 
piers composed of hewn stone laid with or even with- 
out mortar, the case was.very different ; workmen 
must have previously been accustomed to quarrying, 
hewing, and’transporting large stones, also building 
them in a regular mannner; working in metals, and 
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In the mean time, the Ins. 
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Bridge. preparing mortar, must have been known ; and, from 


Chinese 
ridges, 


what will be detailed under the head of Practice, it 
will be seen, that in preparing a proper foundation 
for each pier, the union and experience of various arts 
are required; and that the society, in which works 
of this sort, of any magnitude, were accomplished, 
was far advanced, and had the commmand of much 
well-regulated labour. The bridge over the Euph- 
rates at Babylon, appears to have been constructed 
after this last manner ; and there are many in different 
parts of China. * : 

With respect to the fourth mode, obtained by con- 
structing arches of stone between the piers. If we may 
credit the accounts given by the Chinese, they con- 
‘structed bridges in this manner, many centuries before 
arches were known to the inhabitants of the western 
world, Those connected with their inland navigation 
are numerous. 

From the accounts generally given, it is not easy 

to form distinct ideas of the dimensions or construc- 
tion of the Chinese bridges, or to what extent they 
merit the appellations bestowed by travellers, of be- 
ing great and magnificent. Duhalde informa us, that 
© the stone bridges are commonly built like ours, on 
large piers of stone capable of resisting the rapidity 
of the stream, and sustaining the weight of the arches, 
wide enough for the passage of large vessels. They 
are exceedingly numerous, and the Emperor spares 
no expence when the public good requires them to 
be built. 
_ “ Of these, there is one very remarkable at Fou- 
tchcou-fou, capital of Tou-kien. The river over 
which it is built is half a league in breadth; it is 
sometimes divided into small arms, and sometimes se- 
parated by small islands; these are united in joining 
the islands by bridges, which make altogether eight 
furlongs or Chinese lys and 76 toises. “The principal 
of these has alone above one hundred arches built of 
white stone, with bannisters on each side handsomely 
carved, upon which, at the distance of every ten feet, 
are placed square pilasters, whose bases are very large, 
resembling hollow barks. 

“* But that which excels all the rest is at Suen- 


_ tchcou-fou, built over the point of an arm of the sea, 


without which the passage would be sometimes dan- 
fo even in a boat. It is 2500 Chinese feet in 
ength and 20 in breadth; it is supported by 252 
strong piers, 126 on each side. All the stones are of 
‘the same bigness, as well those which are laid from 
pier to pier, as those which are laid crosswise, inso- 


‘much that it is difficult to comprehend how stones 


ef such an enormous size should be placed in that 
regular manner, or even raised on the high piers on 
which they lie. After this, there is nothing of the 
kind worth mentioning.” 

‘’The only conclusion to be drawn: from the fore- 
going description of this work, which excels all the 
rest, is, that two rows of large stones or piers, (each 


row consisting of 126,) have been set up across the. 


shallow mouth of a river or arm of the sea ; that, 
along the top of these, other long stones have been 
laid horizontally, like wooden beams ; and lastly, that 
long stones have been laid crosswise upon those lon- 
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gitudinal beams, in the manner of joists in carpentry, 
or more probably close together, composing a ‘com- 
pacted bed or roadway. By dividing 2500, the total 
Jength in Chinese feet, by 127, the number of open- 
ings, it gives nearly 20 feet between centre and centre 
of the piers, so that after the thickness of the pier is 
taken away from the 20 feet, a moderate opening is 
left for the lintel to cover. _The dimensions cross- 
wise, correspond with the description as to the stones 
being of the same size, (at least as to length) ; for the 
breadth of the bridge 1s said to be 20 feet, and taking 
away the thickness of the two longitudinal beams, 
leaves the dimensions of the opening to be covered 
by the stones lying crosswise. 
carrying from the quarry and raising stones of this 
magnitude, that the praise of ingenuity must be at- 
tributed ; there being nothing else in the mode of con- 
struction which has a claim to refined science, or great 
progress in the mechanical arts. The danger to boats 
passing, must, no doubt, have arisen from the shal- 
lowness of the water, and the frequency and violence 
of the surfs. 

From the following relation, extracted from the 
same work, there is reason to expect correct infor- 
mation. It is entitled, “¢ An account of the Journey 
of the Fathers Boures, Fontenay, Gorbillou Le 
Compte, and Vesdelore, from the port of Ning Po 


to Pekin, with a very exact and particular description. 


of all the places through which they passed, in the 
provinces of Tche-kiang, Kiang-nan, Chan-tong, and 
Pe-tcheli. . io 
. “It isin this agreeable place that the city of Chao 
King has its situation. In the ‘streets are a. great 
number of canals, which give occasion for such a 
great number of bridges. They are very high, and 
have generally but one arch, which is so slightly 
built towards the top, that earriages never pass over 
them, which makes a great number of porters neces~ 
sary. They pass over these bridges by a kind of stairs, 
of very easy ascent, and whose steps are not more 
than three inches in thickness. There are other sorts 
of bridges, made of stones 18 feet long, laid upon 
piles in the manner of planks. There are many of 
these over the great canal very handsomely built.”? 


Again, “ About four leagues from Hang-tcheouw: 
we crossed a village called Tan-si. It is built ‘on both | 


sides of the canal, on which are also two quays, about 
400 or 500 geometrical paces in length. They are form- 
ed of the same freestone which lines the sides of the 
canal, There are stairs for the conveniency of every 
house, which are much better built, and more uniform 
than those in the city. In the midst of the village 
is a fine bridge of seven large arches ; that in the mid- 
dle is 45 French feet wide; the rest diminish in pro- 
portion to the descent of the bridge. There-are two 
or three great. bridges of one arch only. 

** We crossed a great village or country ‘town, 
called Ovan Kian Ring, of large'extent. One part 
communicates with the other by means of a bridge 
of three great arches, very curiously built : the middle 
arch is 45 French feet wide and 20 feet high.”’ . 

Of these arches, which are here termed large and 
great, we find the span to be only 45 feet; an extent 


* In Fig. 1. of Plate LXXX., we have represented the probable steps by which the arch was _Rvented. 
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It is therefore to the - 
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Bridge. which, in Europe, would not be honoured with those 


Roman 
bridges, 


appellations, 

We have also heard of a bridge over a river named 
Laffrany in China, which joins two mountains toge- 
ther, said to be of one arch 600 feet span, and 750 feet 
in height ; but having no distinct authority for this, 
and its being so very unlike to those described in Du- 
haldée’s work, we mention it merely as a matter de- 
serving of more enquiry. 

But it is of real importance to notice the descrip- 
tion given by Mr Barrow of the mode in which some 
of the arches in China are constructed. ‘* Eachsstone 
from five to ten feet in length, is cut so as to form 
the segment of the arch, and in such cases there is no 
key stone; ribs of wood fitted to the convexity of 
the arch, are bolted through the stones by iron bars 
fixed into the solid part of the bridge ; sometimes they 
are without wood, and the curved stones are mortised 
into long transverse blocks of stone.” 

In Egypt and India, from whence the -western 
world derived the rudiments of many. sciences and 
arts, the construction of the arch was totally un- 
known ; for the. magnificent temples -of the latter, 
and the splendid tombs of the former, were produced 
by cutting matter away in the manner of sculpture. 
There is no trace of the arch met with in the ancient 
works of Persia or Pheenicia; and even the Greeks, 
who created a school of architecture and sculpture, 
and carried it to the utmost degree of perfection 
of, which it was capable, have a very doubtful claim 
to the knowledge of the arch. Itis certain they never 
used it as an external feature of their. temples, much 
less in-the construction of bridges over rivers; and it 
has-been observed, that the great Pericles, while he 
adorned the city of Athens with splendid edifices, 
never constructed a stone bridge over the small river 
Cephisus, although upon the most frequented road 
to that city. It is therefore to the Romans that the 
westuen world is indebted for this singularly useful 
application of architecture. : ore 

There is no certainty respecting the time when the 
Romans first used arches: If the Cloacae of Rome 
were really constructed in the time of the elder Tar: 
quin, the use of arches must have then been well 
known ; and from: that prince’s ori gin and connection, 
it:is probable that they would, be the labours of Tus- 
can workmen. «It has been positively said by some, 
that the Romans received their knowled ge of the arch 
from the T'uscans, who were -at that time much far- 
ther advanced inthe arts than their Italian neigh- 
bours. Tf this is admitted, the first knowledge of 
the arch is at least very intimately connected with 


Greece, the Tuscans being acknowledged as a colony 


ef Dorians. : 


Whatever doubtful circumstances attend the claim 


to the invention of the arch, we know, from the best 
historical evidence, that the Romans-first applied it 
to works of general nse, as in forming aqueducts for 
conveying water to large cities, constructing. bridges 
over rivers, vaulting magnificent temples, and in erect« 
ing monuments for recording the “actions: of their 
greatest heroes, ae Me ee ne a 
“We at present consider only their bridges.:' At. 
er adjacent to Rome, Gautier mentions eight bridges. 
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of bronze supported by 42 columns. Itisnow called Bridge, 


Sancto Angelo. } 
2. A triumphal bridge, the ruins of which are now 
seen in the Tiber. The emperors and consuls passed 


“ over this bridge when they were decreed a triumph. 


3. Pons Janiculensis, now Ponto Sixtus, it having 
been rebuilt by Pope Sixtus [V. in 1475. 

4. Pons Cestius, at present St Bartholomew. It 
was rebuilt by the Emperor Valentinian. 

5. Pons Fabricius, now Ponto Caspi. 

G. Pons Senatorius, at present Sancta Maria, ; 

7. Pons Horatius formerly Sublicius, built of stone. 
by Horatius Cocles; rebuilt by Emilius Lepidus; the 
ruins are still seen in the Tiber. 

8. Pons Milvius, which is about two miles out of 
Rome upon the Flaminian way. : 

Palladio gives a description of the bridge of Rimi- 
ni, built by the Romans also upon the Flaminian way, 
which has five arches; bkewise that of Vicenza upon 
the Bachliglione, of three arches; and of one upon the 
Rerone, of three arches. 
- And Martinellis mentions a bridge near Narni, on 
the road from Rome to Loretto, built by Augustus. 
It consisted of four arches, the first 75 feet span and 
102 high: the spans of the others were 135, 114, and 
142 feet. This appears to be the most magnificent 
bridge the Romans constructed in Italy. . 

- In the provinces the Romans ‘built many bridges, 
some very magnificent. We shall instance two in Spain, 
both in the province of Estremadura. That of Me- 
rida.is upon the river Guadiana. Don Antonio Ponz, 
in his Viage de Espand, says he found its length 1300 
paces; Vargas reckons 64 arches. In the time of 
Philip IIL. one of the large arches towards the middle 
was destroyed by an inundation, on which account 
three or four adjoining were rebuilt in 1610. 

But perhaps the most magnificent of all the Ro- 
man bridges, and one of the noblest monuments of 
antiquity, is, the bridge of Alcantara upon the Tagus, 
at the town of that name. The town has probably 
taken its-name from that structure, as therword al- 
caniara, in the Arabic, signifies a bridge. It con- 


_ sists of six arches: its whole length is 670 Spanish 
feet, and from the bottom of the river to the road- PLate 
way the height is 205 feet. For these Koman bridges, LXXXIh 


see Plate LXXXII. 
- Besides these ancient bridges which still exist, or 
are correctly described, we have accounts of many 
others; as that of Darius upon the Bosphorus of 
Thrace, Xerxes upon the Hellespont, Pyrrhus upon 
the Adriatic Gulf, Caesar upon the Rhine, and’ 
Trajan upon the Danube ; but these were construc- 
ted for the temporary purposes of war. The descrip- 
tions are vague, some of them improbable, and they 
belong more to military than civil architecture. 
Theancientaqueducts, which were magnificent, will 
be described-under the head of Intanp Navigation. 
From the destruction of the Roman empire, to the 
establishment of modern Europe, it is, in vain there 
to enquire for the progress, or expect the improve- 
ment of bridge-building. In this, however, we ought 
* to except the fine works of the Moors’in Spain, par- 
‘ticularly the bridge of Cordova over the Guadalqui- 


4? ; : men t "vir, built by Issim, the son and successor of Abduel ; age 
a ee built by the Emperor Adrian, and) Akman, the first of the Moorish ‘kings of Spain. __puilding is 
named aiter him. »It is said to have once had a cover When the arts began to revive-in Europe, it. was Europe 


Bridge. 


Bridge of 
Avignoile 
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chiefly towards religious structures that power and 
influence were directed. One singular instance oc- 
curs of enthusiasm being directed to the useful pur- 
poses of improving the passages over rivers. Gautier; 
upon the eee of Magna Agricola of Aix, says, 
that upon the decline of the second, and commence- 
ment of the third race of kings, the state fell into 
anarchy ; and that there was no security for travel- 
lers, particularly in passing rivers, where violent ex- 
actions were made by banditti. To puta stop to 
these disorders, sundry persons formed themselves 
into fraternities, which becume a religious order, under 
the title of Brothers of the Bridge. ‘The object of this 
institution was to build bridges, establish ferry boats, 
znd reccive travellers in thcir hospitals on the shores 
of rivers. The first establishment was upon the Du- 
rance, at a dangerous place named Maupas; but in 
consequence of the accommodation arising from this 
establisliment, the same place acquired the name of 
Bonpas. He relates further, that St Benezet, who 
proposed and directed the building of the bridge of 
Avignon, was 2 shepherd, and that he was not twelve 
years of age when repeated revelations from heaven 
commanded him to quit his flock aid undertake this 
enterprize; that he arrived at Avignon just at the 
time the bishop was preaching to fortify the minds 
of the people against un eclipse of the sun, which was 
to happen the same day. Benezet raised his voice in 
the church, and said he was come to build a bridge. 
His proposition was accepted by the people with ap- 
plause, but rejected with contempt by the magis- 
trates, and by those who thought themselves wisest. 
As it was at that time an act of piety to build 
bridges, and Avignon being then a popular republic, 
the people prevailed, and every one contributed to the 
good work, some by money, and some by labour, all 
under the direction of Benezet, aided by the brothers. 


“And he, by performing a great number of miracles, 


animated the zeal of every body. Upon the third pier 
was erected achapel tu St Nicholas, protector of those 
who navigate rivers. This was donc after the death of 
Benexet, which happened in 1184, His tomb became 
celebrated for pilgrimages, where many miracles were 
performed. He had taken care to establish a con- 
ventual house, and a hospital, leaving the brothers to 
continue the work of the bridge. 

This bridge, which was composed of 18 arches, was 
begun in 1176, and completed in 1188. In 1385, du- 
ring the contentions of the Popes, sume of its arches 
were destroyed; three others fell in 1602, from the 
neglect of repairing a fallen arch. In 1670, the Frost 
was so great, that the Rhone for several weeks bore the 
heaviest carriages: when the thaw followed, the ice 
destroyed the piers; but the third pier, with the cha- 
pel of St Nicholas, has stood notwithstanding all 
these accidents. 

Our admirable bridge saint, not the least useful 
of that once numerous class of enthusiasts, in accom~ 
plishing, under such circumstances, so difficult, valu- 
able, and magnificent 2 work as the bridge of Avig- 
non, has perhaps quite as just a claim to the power 
of performing miracles as most of the saints of -his 
day ; and it is not improbable, that from the influ- 
ence of his tomb, and that of his mantle upon the sur- 
viving brethren, that the still greater bridges of Ly- 
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ons of 20 arches, and St Esprit of 19, were accom- 
plished. 
given in Plate LE XXIII., 

Perronet states, that in 1354 an arch of 150 French 
feet, or 160 English feet span, was built at Verona; 
and in 14.54, one of 172 French feet, or 183.8 Eng- 
lish span, and 66 French feet, or 70.6 English of rise 
from the springing, at Vielle-Brioude upon the river 
Allier in France. ‘The last mentioned is the great- 
est span we know of for a stone arch. 

In Italy there are many fine bridges. The pecu- 
liar situation of Venice has required a number far be- 
yond what is to be found in any other city. The fi- 
nest is the Rialto of 984 fect span, and 23 feet rise. 
It was designed by the celebrated Michael Angelo, 
and erected between 1588 and 1591. Gautier states, 
that the numbers in the different quarters of the city 
are as follows, viz. 

In the quarter of St Paul... . 

La Croix . . 
Canal Regio. 
Arsenal... 
Isle du Juifs . 
Derso Duro. 67 


St Mare... 


sIn7 Oo 09 


Cn Gi ti-sT 
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In France, during the two last centuries, many 
fine bridges have been erected. The Pont Royal 
over the Seine at Paris, in 1685, from a design of 
Mansard. It consists of five arches. The centre one 
77 French, or 82.3 English feet span; the breadth, 
including parapets, 56 French, or 59.9 English feet. 
‘The bridge at Blois, built from a design of the Sieur 
Gabriel, consists of 11 arches; the centre one 86 
French, or 91.10 English feet span; the breadth over 
the parapets, 50 French, or 53.5 English feet. 

Perronet gives plans and descriptions of sundry 
large bridges in France, constructed between the 
years 1750 and 1772. 

The first in point of time and magnitude is the 
new bridge upon the Loire, at Orleans. ‘The an- 
cient bridge, which consisted of 19 arches, was in so 
bad a state, that it was found necessary to construct 
anew one; for which a design, made by M. Hupeau, 
then first engineer of bridges, was preferred ; and b 
that time such was the progress made in bridge 
building, that, instead of 19 arches, asin the old edi- 
fice, this new design consisted of only nine. The 
middle arch is 100 French, or 106.9: English feet 
span, and the rise or versed sine 28 French, or 29.11 
English feet. The arches next the abutments are 92 
French, or 98.3 English feet span, and rise 25 French, 
or 26.8 English feet: the others are in proportion. 
The breadth, including the parapets, 46 French, or 
49.2 English feet. It was begun in 1750, and open- 
ed to the public in 1760. Nothing can exceed the 
simplicity and elegance of this bridge, as will appear 
by the elevation, one half of which is given in Plate 
LXXXIV. fs a 

Of the same beautiful simplicity of character is the 
design of the bridge upon the river Seine, at Mantes. 
It consists of three arches : the middle arch is.120 
feet. French, or 198.2 English feet span, and rise 86 
French or-38.5 English feet; the two side arches 
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are 108 French, or 115.4 English feet span, and rise 
32 feet Ginches French, or 34.9 English ; the breadth, 
including the parapets, is 33 French, or 35.3 English 
feet. It was also designed by M. Hupeau; begun 
umder his direction in 1757; and during that and 
1758, raised to the level of the sixth course of arch 
stones :' the work was then suspended on account of 
a war. It was recommenced in 1763 under the di- 
rection of Perronet, (M. Hupeau having died in that 
interval, ) and was opened in 1765. 

One of the finest of the French bridges, and the 
“greatest work of Perronet, is that upon the Seine at 


Neuilly.' It consists of five arches, each 120 French, , 


or 128.2 English feet span, and 30 French, or 52 
English: feet rise; thé breadth, including the para- 
pets, is 45 French, or 48 English feet. It was begun 
m April 1768, and opened in October 1773; the 
masonry was completed in 1774; the roads, and other 
operations connected with this bridge, were finished in 
1780. A great peculiarity in this bridge, well de- 
serving the attention of engineers employed in similar 
works, is, that the soffits of the arches are shaped to 
suit the contracted vein of water, as formed in the 
entrance and exit of: pipes. ‘This is accomplished, by 
making the general.form of the body of the arch el- 
liptical, with a rise of 80 French, or 32 English feet, 
or 3 of the span; but making the headers follow the 
segment of a circle, the versed sine of which is only 
13£ French, or 14.5 English feet, or about 2 of the 
span, This, besides affording facility for the passage 
of flood waters, gives a great appearance of lightness 
to.the whole fabric. The effect will be seen in the 
elevation, one half of which is given in PlateLXXXIV. 

In the bridges at Orleans, Mantes, and Neuilly, 
we find the rise of the arches to be between + and 
of the span ; but renderéd confident by success, and 
desirous of giving a variety to his works, Perronet,. 
in the bridge over the Oise, at St Maxence, consist- 
ing of three arches, each 72 French, or 76.10 Eng- 
is feet span, makes the rise only 6 French, or 6.5 
English feet, or 5, part of the span ; also, instead of 
making. the piers each a solid, right lined on the sides, 
he divides each pier into two distinct parts, with an 
open space between them, and composes each part of 
two columns united by a piece of plain wall. The 
deviation from forfner works of a similar kind is here 
certainly sufficiently distinct ; but the propriety of this 
measure will be discussed under the head of Practice. 
This bridge was begun in 1774; the operations were 
suspended in 1775 ; they were recommenced in 1780; 
and the centers were struck in 1785. See Plate 
LXXXV.. 

_ The bridge built upon one of the arms of the Loire 
at Saumur, from a design of M. de Voglio, and exe- 
cuted chiefly under the inspection of L. A. de Ces- 
sart, may also be elassed amongst the first. of the 
French bridges. It consists of 12 elliptical arches, 
each 60 feet span, and 21 of rise ; the piers are 12 feet 
thick, and the breadth of the bridge, including the 
parapets, is 42 French, or 44.9 English feet. It was 
begun in.1756, and finished in 1770.. 

‘The progress of bridge-building in England seems 
to have kept. pace with the same art on the.conti- 
nent. ‘The very singular bridge at Croyland in Lin- 
celnshire,. is said to have been built in 860... This 
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correct ; for Croyland Abbey was: 


date is likely to be in Hun- 
founded in 716, and the sey of eee ) This 
tingdonshire, in 974, (Bentham’s Formed by three 


bridge has three distinct approaches, for . 
Sait of a circle, which meeting in ere me 
compose pointed arches, their bases or at te $ 
standing upon the points of an equilateral keg g i 

It is worthy of remark, that the bridge fe) vigs 
non was begun under the direction of Saint Benezet in 


1176, and thatof London begunto be built of stone un- 


der the direction of Peter of Colchester, @ priest, 1. 
the sanie year (1176.) The French * Brothers of 
the Bridge’? accomplished their magnificent and use- 
ful work in 12 years, the labours of the English 
priest occupied 33 years ; but this may be accounted 
for, by considering the interruptions which must be 
experienced ina river, where the tide rises twice every 
day from 18 to 18 feet. We may further remark, 
that as the constructions of the bridges of St Esprit 
and Lyons immediately succeeded to that of Avig- 
non, so the bridge at Newcastle-upon-Tyne was built 
of stone in 1981, and that over the Medway at Ro- 
chester, consisting of 11 arches, much about the same 
time. ; 
In London bridge there are now 19 arches, and it 
is 45 feet in breadth. For many ages there wert 
houses along each side of it; but these were remo~ 
ved, the middle pier was taken away, and the space, 
including the two adjacent arches, converted into one 
arch of 72 feet span, in 1758. ‘Che remaining old 
arches are very narrow, and the piers enormously. 
large, being from 15 to 25 feet in thickness above the 
sterlings, ‘The passage over the bridge is very com~- 
modious, but in other respects it is very inferior to the 
before mentioned old French bridges. See Plate 
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- Many other old English bridges might be descri- 
bed, which,.in conformity with the turbulence of the 
times, were generally fortified with gateways. It 
would be curious to trace their history, and delineate’ 
their features ; but as the limits of our present article 
will not admit of this, we shall pass on to those of 
modern times, from which our readers will derive 
more useful information. 
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In-1636, the English Palladio (Inigo Jones) gave Llanwst 


a design for a bridge, which waserected at 
in Denbighshire. It consists of 3 arches, segments 
of circles ; the middle one is 58 feet span, and rises 
17 feet, the piers are 10 feet thick, and the breadth of 
the soffit of the middle arch is 14 feet. The arch 
stones of the largest arch being only 18 inches deep, 
the covering over them being little, and ‘the ap- 
proaches very steep, the bridge has a very light ap- 
earance. fk 
The bridge over the’ river Thames at Westminster, 


Llanwst bridge 


Westmin- 


being not ouly the greatest work of the kind in Eng-ster bridge. 


land, but having, in what regards laying foundations 
in deep water, and constructing centers for large 
arches upon navigable rivers, formed anew school for 
bridge-building in this island, we shall give a-detailed 
account of it. : 

From reports made by Mr Labalye, (1751)-it ap- 
pears, that from 1734 to 1738, the-time was employ- 
ed in obtaining acts of parliament, and determining 
the precise situation and plan of this great work. 
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In 1738, the situation was finally determined to be a 
little way below New Palace Yard; the model made by 
M. Labalye was approved of, and he was appointed 
engineer. ‘Che intention at this time was to construct 
the piers of stone, and place a wooden superstructure 
uponthem. This latter part was designed by Mr James 
King, who contracted to complete it in 12 months 
after the piers were finished for £28,000. 

Tt was not till after many explanations and discus- 
sions, that Mr Labalye satisfied the commissioners, 
appointed by parliament, of the facility, economy, 
and security to be derived from laying the founda- 
tions of the piers in caissons or chests, instead of pla- 
cing them upon piles in the ancient manner, cut off 
about the level of low water; or using batterdeaux 
or cuffredams, formed around the foundations, and 

umping the water from the inside, as had been per- 
Fmed in more modern times. ‘This beautifully sim- 

le mode was, however, adopted, and the first stone 
of this great fabric was laid by the Earl of Pem- 
broke on the 29th January 1789. During the same 
year, the commissioners directed Mr Labalye to pre- 
pare a design for a superstructure of stone, which 
he did, and it was approved of and adopted on the 
3ist January 1740: A liberal arrangement having 
been made with Mr King respecting his contract for 
the wooden superstructure, he immediately designed, 
for the stone arches, those excellent centres, which 
have ever since served as a model for works of a si- 
milar kind in England. i 

The works were carried on with great dispatch 
and success ; the centre of the last arch was struck 


on the 25th July 1747, and, on the 14th November,: 


the roads and streets were finished. A circumstance, 
however, took place, which prevented the bridge from 
being, at that time, opened tothe public. The work- 
men employed to get gravel out of the bed of the ri- 
ver to cover the roadway of the bridge, finding some 
very suitable near the third pier, on the western side 


of the centre arch, they excavated considerably lower’ 
than the foundation, and too near it ; the gravel then. 


run from under the platform, and the pier sunk so 
muchas to render it necessary to take down the two 
arches which rested upon it. The securing the foun- 
dation, rebuilding the pier and two arches, and repla- 
cing the parapets, pavements, and roadway, was com- 
pleted, and the bridge opened to the public on the 
18th Nov. 1750. This bridge consists of 13 large 
and two small arches ; their Borns are semicircular; 
the middle one is 76 feet span, and the breadth over 
the parapets 44 feet. See Plate LXXXVI. 


About 10 years after the completion of Westmin- 
ster bridge, another was begun to be erected be-’ 


tween it and London ‘bridge, now well known by 
the name of Blackfriars. The design was made by 
Robert Mylne. It consists of nine, arches of an el- 
liptical form; the middle one is 100 feet span, and: 
the breadth across the bridge is 43 feet 6 inches. Mr 
Mylne benefited by the example of Labalye, and: 
built the piers in caissons; but probably alarmed by 
the sinking of one of the piers at Westminster, he’ 
drove piles in the spaces upon which the bottoms of 
the caissons are placed. His arches being of wider 
span and of an elliptical form, his piers of proportion- 

ly less thickness, and having less masonry over 
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the top of the arches, this bridge has a much lighter 
appearance than that of Westminster. It has been 
doubtéd, whether the slender detached Ionic columns 
are a proper accompaniment to such a work, and 
whether the divisions of the lengths of the rusticated 
headers of the arches are any improvement. His cen- 
ters are evidently a copy of those tied at Westminster, 

The general style of this bridge bespeaks a mind 
emboldened by the success of his predecessor, to ad- 
vance, though very cautiously, a step further in the 
practice of bridge-building. It is a work of great 
merit, and will not suffer by a comparison with any 
other constructed in the same age. It was begun in 
1760,- and completed in 103 years. 
LXXXVI. 

At the same time that this noble work was carry- 
ing on at Blackfriars, a very fine bridge was con- 
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n : Bridge at 
structing upon the river Tay, at the town of Perth °° 8° 


in Scotland. It consists of nine arches; the middle 
one is 77 feet span, the width across is 26 feet, ard 
the total length is 906 feet. It was designed and ex-- 
ecuted under the direction of Mr Smeaton, between 
1760 and 1771. About the same time, and under the’ 
direction of the same gentleman, a bridge of no in- 
considerable magnitude was built over the river T weed: 
at Coldstream, consisting of 5 arches, the middle one 


being 64 feet span; and also a bridge of seven arches pridgeover 


over the river North Esk, near Montrose. 

Previous to forming the plan of that magnificent . 
extension. of the city of Edinburgh, known by the’ 
name of the New Town, it was necessary to form a 
commodious communication with the central part of 
the High Street of the Old Town. This was ac- 
complished by constructing a bridge over the deep 
valley called the North Loch. 


small arches each 20 feet span; the height from the 
present surface of the ground to the springing of the 
arches on the piers, is 17 ft. Gin. ; the arches bein 

semicircular, rise 36 feet, the archstones are 2ft. Qin., 
and from the top of the archstones to the top of the 
parapets, is 9ft. 9in., making the whole height, from- 
the surface of the ground to the top of the parapet: 
over the middle arch, 65 feet; the breadth across. 
the soffit of the arches is 42ft. 3in. From the arches. 
to the banks on each side of the valley, the spaces are- 
occupied by coach houses, stables, &c. formed under 
the roadway. The outline of the cornice and para-. 
ptt, contrary to usual practice, isa curved line, bend- 
ing downwards. This, in viewing the elevation, gives. 
the appearance of the middle part of the-bridge ha- 
ving sunk. Excepting the arehes, which are fine- 
and well executed, no. part of the design claims much. 
commendation ; and we cannot help regretting, that 


the Esk, 


North 


This bridge consists bridge at 
of three arches, each about 72 feet span, and two. Edinburgh. 


the architect Mr Mylne, has failed in rendering this: 


structure a suitable feature to the singularly fine situ-. 
ation which it occupies. 

Several excellent stone bridges. have lately been: 
constructed.upon the river Thames at Kew, Maiden- 
head, Henley, and Oxford ; and not inferior to these 
are the bridges over the river Severn in Worcester- 
shire and Shropshire. Five of these were designed. 
and executed under the direction of Mr Gwynn,.a. 
native of Shrewsbury, and two by our countryman. 
Mr Telford, the engineer. 


Bridges 
over the 


Thames &. 
the Severn.. 
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Bridge. The centre arch of the bridge in Blenheim Park, 
Soyo is 101 ft. Gin. span. 
In 1762,.a single arch was built upon the river 
Tees, at Winstone in Yorkshire, from a design of Sir 
Thomas Robinson, the span of which is 108 feet 9 
inches. 
Bridgeover _ A very fine bridge has been lately erected at Ferry 
the Ouse. Bridge, in the same county, upon the river Ouse: it 
consists of three arches, the centre one 65 fect span, 
the width within the parapets 28 feet 6 inches. 
In South Wales, the bridge over the river Taaf, 
near Llantrissart, in Glamorganshire, is justly cele- 
brated, both on account of its great span, and the 
singular circumstances which attended its construc- 
tion. In 1746, William Edwards, a country mason, 
undertook to builda bridge at that place. He built 
one of three arches, and it was allowed to be well ex- 
ecuted; but, being in a mountainous district, the 
torrents sometimes rise hastily to a height which 
must appear incredible to ‘the inhabitants of flat 
countries. One instance of this sort happened after 
this bridge had stood about two years and.a half, 
when the torrent carried along with it trees, brush- 
wood, hay, and whatever of this kind lay in its 
way: these were entangled in the arches, and, cau- 
sing the water suddegly to create a great head, the 
bridge was swept away. As William Edwards had 
given security to maintain the bridge for seven years, 
he immediately set about rebuilding it ; but, in ordes 
to avoid future injuries from similar torrents, he con- 
structed one arch, the segment of a circle of which 
the cord line was 140 fect, and the versed sine 35 
feet.” The arch was finished, but had not. received 
the parapets, when the weight pressed in the haunches, 
raised up the crown, and destroyed the arch.- This 
was in 1751. But William Edwards, possessed of 
an uncommon degree of fortitude, resolved to rebuild 
the arch of the same dimensions; and it appears he 
tock his. measures prudently ; for we have been in. 
formed, by that excellent and respectable engineer 
Mr Jessop, who was then a clerk witti Mr Smeaton, 
that Mr Edwards consulted that eminent man with 
respect to rebuilding this large arch. Mr Jessop does 
not recollect the advice which Mr Smeaton gave, but 
the bridge was-rebuilt in 1755; the chord line and 
versed sine ate the same as before, and the width across 
is,elevenfeet’: ineach haunch or spandrel there are three 
cylindrical-arches quite across the bridge; the luwest 
is-nine feet, the middle six feet, and the uppermost 
thrée feet diameter. These, to avoid weight, are of 
course left hollow ; and Mr Evans, a native‘of Wales, 
who was afterwards chief engineer to the Royal Canal 
in Ireland, informed Mr Jessop, that, in addition to the 
cylinders being left hollow, the spaces between them 
were filled up with charcoal.. From the steepness of 
the ascent ‘on each side,. and the: narrowness across, 
this bridge is more remarkable as an effort of art 
than for the accommodation it affords. 
Bridges in Of late years, the building of bridges has been car- 
Scotland. ried to a very great extent in Scotland. Upon ‘the 
river Teviot, immediately above its junction with the 
"Tweed, a very handsome stone bridge of three arches 
has been constructed from a design, and under the 
direction of Mr Elliot, an architect resident im Kelso. 
The middle arch is 65 feet. span, and rises 17 feet ; 
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the arches are segments of circles, and the width over: Bridge. 
the parapets is 23 feet. There are coupled columns ““-v——~ 
over the piers, which are quite insulated ; and the 

points of the piers are in the shape.of Gothic arches, 

It was begun m 1794, and finished in 1795. About 

4 years after the completion of this bridge, another, _ 
very elegant one was constructedat Kelso, from a de- Bridge at 
signa of Mr Rennie, an eminent engincer. It is situa- Kelso. 
ted immediately below the confluence of the Teviot 

with the Tweed. It consists of 5 arches, each of 73 

feet span, and 21 feet rise; they are of an elliptical 

form, and the road over them is level. Over each 

pier, and upon each abutment, are two small columns, 

and an entablature runs along the whole of the 

bridge. The columns are not insulated, being i co- 

lumns only ; the points of the piers are semicircular 3 

the width over the parapets 26 feet. It was begun. 

in 1799, and finished in 1803. T'he characters of 

those two bridges being rather gentle than bold, ac- 

cord well with the beautiful scenery of the adjacent 

banks of those two fine rivers. . 

On the road from Berwick to Edinburgh, the Peas Peas bridge 
bridge erected over a deep dingle, is abold work. It 
consists of four arches; the largest span is 55 feet, 
and the height of the bridge is 124 feet. The archi- 
tect was Mr David Henderson of Edinburgh. 

A large arch has been built at Aberdeen also over Bridge at 
a dingle, through which there runs a small rill called Aberdeen. 
the Den Burn; it forms a part of an improved ap- 
proach to the city from the southwards. The ma. 
gistrates had, in the year 1801, begun to construct a 
bridge of three small arches, and had laid the foun- 
dations of the abutments and piers for that purpose, 
under the direction, of their then superintendant of 
city works, Mr Fletcher, when Mr Telford the en- 
gineer passing that way on the service of government, 
was desired by the magistrates to examine their in- 
tended bridge. On considering the excellent granite 
stone which was used, he prevailed with them to 
abandon the scheme of having three arches. At their 
desire he gave a plan of one arch of 150 feet span, 
being larger than any stone arch in Britain, and other- 
wise containing many singulur features calculated to. 
prove what could be performed with Aberdeen gra- 
nite. But however desirous the magistrates were to 
exhibit the excellency of their favourite material, the 
expense of this plan much exceeded their funds. Mr 
Telford afterwards made a simpler design ; .but in or- 
der to save some masonry of the abutments which 
had already been executed, they got their inspector 
of the city works to reduce the span to 130 feet, of 
which dimensions it has been executed. The rise is 
29 feet, and breadth across the soffit 43 feet. It is 
still a magnificent arch, though of smaller span than 
that of Mr Edwards over the Taaf. The difficulty 
attending the construction ofa large arch here, was 
much lessened by its being placed on dry land. 

A much more arduous task has been accomplished Bridge at 
upon the river Dee, at Tongueland, near Kirkcud. Tongue- 
bright, where there is about 10 feet of water in the and. 
lowest state of the river, above which the ordinary 
spring tides rise 16 feet, and where, of course fora 
large arch, a trussed center was required. The de- 
sign was given by Mr Telford ; it is 118 feet span, 
and the rise’ or versed sine 38 feet. The spaces he- 
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tween the large arch and the rocky banks upon which 
it abuts, instead of being filled by earthen embank- 
ments, are occupied by small arches raised upon slen- 
der piers. The whole has a bold effect, especially 
guring the flux and reflux of a high spring tide im- 
mediately uuder the bridge, when ayitated by astropg 
westerly wind, and accompanied by a great laud flood, 
tumbling down a rocky channel at some distance 
above it. See Plate L.XXXVII. 

A large bridge has been lately built over the river 
Spey, near Gordon castle, at Fochabers. It-consists 
of four arches ; the two middle ones are each 95 feet 
span, and the breadth over the parapets is 21 feet 6 
inches. There being an even number of arches, a pier 
is brought into the middle of the river, and the ar- 
chitecture of the facade is feeble; still the structure 
does credit to the architect and builder, Mr G. Burn. 

The finest bridge in Scotland is that which has just 
been built by the Duke of Athol, over the river Tay. 
at Dankeld. There are five large arches and two smal- 


Jer land arches; the middle arch is 90 feet span, and . 


rises 30 feet, the width over the parapets is 27 feet 
G inches. The facade has castellated turrets over the 
piers and abutments ; the outlines of the parapets and 
roadway is a curve only sufficient to carry off the wa- 
ter; the approaches to the bridge, the Duke has ren- 
dered very complete; and the whole forms a feature, 
suitable to the magnificent scenery which surrounds 
Dunkeld. The design for this bridge was made by 


Mr Telford. It was executed under his directions, and 


Rapid pro~ 
gress of 
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building in 


Scotland, 


finished in 1809. 

From the foregoing statements, it is evident that the 
progress of bridge building in Britain has of late 
years been great; but the effects, though consider- 
able, have been distant and unconnected. Perhaps 
however, the greatest and most regular scheme for 
opening the general intercourse through a great extent 
of country, that has ever been: voluntarily undertaken 
by a free people, was that which originated in 1802. 
Previous to this, the northern districts of Scotland, 
although in sundry parts intersected by military roads, 
were very apeeciy opened ; for these had been 
hastily constructed, and frequently ill fitted for the 
purposes of civil life. 

In order, therefore, to-encourage the spirit of im- 
provement which had strongly manifested itself in 
the northern parts of the island, a board of parlia- 
mentary commissioners was established, viz. 

The Right Honourable the Speaker of the House 

of Commions, 

The Right Honourable the Chancellor of the Ex- 

' chequer, 

His Majesty’s Advocate for Scotland, 

The Right Honourable William Dundas, 

Sir William Pulteney, Bart, 

Isaac Hawkins Browne, Esq. 

Nicholas. Vansittar:, “Esq. 

Charles Grant, Esq, 

“William Smith, Esq. 

Charles Dundas, Esq. 

John Rickman, Esq. Secretary, 

James Hope, Esq. Commissioner and Law. Agent 

in Scotland, ‘ 

‘Thomas Telford, Engineer to the Board. 
This Board, upon the application of individuals, or 
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bodies of men, pointing out communications in the Bridge. 
Highlands of Scotland, of public utility, and under- “7 


taking to defray a moiety of the expense, causes sur- 
veys and estimates to be made, and, if found to be 
truly useful, advances the other moiety from the pubs 
lic funds. In consequence of this, about sixty difs 


' ferent roads have been surveyed, and a great propor- 


tion have either been already completed, or are now 
(1812) in astate of forwardness. Upon these roads 
there are bridges of different sizes, to the number of 
1486, and several of no inconsiderable magnitude, viz. 
_ Bonar bridge, of cast iron, 150 feet span, over an 
arm of the sea, 

Dunkeld bridge, of 7 arches, viz. one of 90, two 
84, two 74, two 22 feet. * ° ; 

Conon bridge, of 5 arches, viz. one 65, two 55, 
two 45 feet. 

Ballater bridge, of 5 arches, viz. one of 60, two 
55, two 34 feet. 

Lovat bridge, of 5 arches, viz. one of 60, two 50, 
two 40 feet. 

Wick bridge, of 3 arches, viz. one of 60, two 48 - 
feet. : 

‘ Alford bridge, of 3 arches, viz. one of 48, two 60 
eet. 

Potarch bridge, of 3 arches, viz. one of 70, two 
45 feet. e 

Besides these, there are upwards of 60 bridges of 
one arch each, from 30 to 60 feet span. 

In Ireland, the city of Dublin has several fine stone- 
bridges over the river Liffey, the principal of which 
are, 1. Queen’s bridge, built upon the scite of Arran 
bridge, which had been erected in 1684, and destroy- 
ed in 1763. It was designed by Colonel. Vallency,. 
and was. finished in 1768. It consists of three 
arches; the middle 46 feet span, the others 35 feet 
each ; the piers are 7 feet thick, and the breadth be- 
tween the parapets is 35 feet. 2. Essex bridge, 
which was originally founded in 1676, by Sir Hum. 
sphrey Jarvis, in the viceroyalty of Arthur. Earl of 
Essex ; it being decayed, was taken down and rebuilt 
in 1753, from a design and under the direction of Mr 
George Semple, who published a very full account 
of the proceedings. - It consists of five arches, one 58 
feet span, three of 45, and one of 37 feet; the, thick-. 
ness of. the piers on each side of the center arch is 6 
feet, the breadth between the parapets 48 feet. .3, 
Sarah’s bridge, consisting of an arch of 110 feet span, 
with a rise of 22 feet ; the breadth between the iron 
railing 37 feet. This was built by Mr Stevens, an 
experienced bridge builder from near Edinburgh, in. 
the year 1792. 4. Since that time Carlisle: bridge 
has been rebuilt ; it consists of three arches, the mid- 
dle 50 feet span, the others 40 feet each; the thick- 
ness of the piers 10 feet, breadth. between. the para- 
pets 63 feet. , aa 8 
- There is also a very fine stoné bridge over the river. 
Lee, at Cork, built within these-few.years, with a 
draw bridge for. ships at the north end of it... 
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Tuas historical sketch respecting bridges, hashither- Timbes . 
to been confined to those. constructedof. stone, but bridges. 


488 
Bridge. other materials have been successfully employed. 
\nwnyns— Bridges of great extent have been constructed of 
wood, : 
. With the exception of drawings made by Palladio 
and others, from the descriptions given in Casar’s 
Commentaries, of his bridge over the Rhine, we have 
no satisfactory account of any: ancient wooden bridge. 
Of those of more modern times, there is one describ- 
ed by Palladio, said to be situated upon the Cismone, 
‘at the foot of the Alps, between Trente and Bassane 
. in Italy. It is of very simple construction; the whole 
- being suspended by the framing, which forms the 
sides ; the opening between the abutments is 109 feet. 
Palladio also gives sundry designs for wooden bridges 
formed in diferent ways, some of which are sup- 
ported by the sides only; and one is in the form of 
yan arch. See Plate LXXXVII[. Gautier gives 
designs of his own, and one from Mathourin Jousse ; 
the last mentioned consists of one passage over it 
for cavalry, and another for infantry, and is pro- 
tected by a roof. But the boldest and most inge- 
niously constructed wooden bridge on the European 
continent, was that at Schauffhausen, in Switzer- 
land. 
Wooden We are informed that there was formerly a stone 
bridge at bridge at Schauffhausen, that the Rhine’ injured the 
Schauff- piers, and that in the year 1'754 three arches fell ; 
hausen, that the depth of water immediately on the upper 
side of the old piers being, during summer, from 18 
. to 20 feet, and from 28 to 30 feet below them, the 
idea of rebuilding a stone bridge was abandoned, and 
that the old piers, excepting one near the middle, 
were taken away; that Ulric Grubenman, a com- 
mon carpenter of Tueffen, produced a model fora 
wooden bridge, supported only by the abutments on 
the banks of the river; that after some hesitation on 
the part of the committee of Schauffhausen, his pro- 
posal was adopted, and that he completed this truly 
extraordinary work in the year 1758. The total 
length of the bridge was 364 feet, and its breadth 
18 feet. It was eight feet out of a straight line, and 
the angle pointed down the river; the distance from 
the abutment next the town to the angle was 171 
feet, and from the angle to the opposite shore 193 
feet.. This magnificent and ingenious bridge was 
See Plates 
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LXXXIx, destroyed by the French in April 1799. 

and XC. .UXX XIX. and XC. bes 

At Ruiche- - About the same time that Ulric Grubenman was 

Maus engaged at Schauffhausen, his brother John construct- 

ed a bridge of the same kind at Ruichenau, 240 feet 

. in length; and some years afterwards they jointly 

At Baden. erected one near Baden, 200 feet in length over the 
_-tiver Limmat. . 

.. We know of no wooden bridges in Europe of an 

. extent equal to those constructed by the beforemen- 

tioned ingenious men. But one upon-nearly the same 

Ta North principles, and of 250 feet span, has been constructed 

<imericae over the. Portsmouth river.in North America, by a 

Mr Bludget.. Yet, though of inferior magnitude, 

several upon principles equally simple and. effective, 

In Scotland. have been erectéd upon rivers in Scotland by James 

Burn, of Haddington, in East Lothian. The largest 

is over the river Don, about seven miles from the city 

of Aberdeen, upon the road which leads from that 

place to Banff; the extent between the abutments is 
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109 feet 3 inches, and the breadth 18 feet. The Bridge, 
frames which support. the roadway are composed of “=~ 
short pieces of timber, but instead of being elevated 
above the level of the roadway in order that it may be 
suspended from them, they here support it after the 
manner of stone voussoirs. This bridge was erected 
in 1803.’ See Plate LX XXVIII. Peper 
There is an elegant wooden bridge in the park at at Wotton 
Wotton, a seat of the Marquis of Buckingham, con- 
structed precisely upon the principle of one given by 
Palladio. The span of it is 87 feet, the versed sine 
13, and the breadth across 20 feet. 
Small timber bridges, being, in all countries 
abounding in wood, so obvious a means for crossing 
streams, it is impossible to trace their origin and pro- 
ress; and those consisting of rows of piles driven 
into the bed of a river, and supported by common 
trussings and bracings, being found in most countries, 
and being familiar to every body, it is only necessa- 
ry, in what regards them, to refer to the Plates, and 
to what is said under the head of Practice. 
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In Britain, of late years, the application of iron Iron 
having been greatly extended, and practical mechanics bridges: 
having been also brought to much perfection, that 
valuable metal nas been used in the construction of 
large arches over rivers. ; 

The first cast iron bridge was erected upon the- 
river Severn, about two miles below Coalbrook Dale, At Coal- 
and between the villages of Madely and Broseley, in brookDale, 
the county of Salop. The form of the ribs or. in- 
trados is nearly semicircular, the span being 100 feet 
6 inches, and the rise from the level of the springing 
plates to the soffit at the middle is 45 feet, the height 
from the ordinary low water.to the springing plate 
is about 10 feet, making the whole height from the 
low water to the soffit 55 feet. This bridge was 
constructed by Abraham Darby ; it was cast at the 
Coalbrook Dale founderies, and erected in 1777. The 
design wae bold and well executed; it formed a new 
zra in bridge building. The banks of the river ad 
jacent to the bridge are exceedingly high and steep, 
and composed of alluvial matter which slips over the 
points of the coal strata. The effect of this opera- 
tion not haying been sufficiently provided against, 
some years ago, the top part of one of the stone 


“abutments was pressed in a few inches, and of course 


raised up the iron work about the middle of the arch. 

Steps have been since taken to secure the western 
abutment ; but the other, by having valuable houses 

built close up to it, is more entangled, and it may-in 

time suffer from that cause; but the iron work has 

not been the least affected by the weather, or the in- 
tercourse over or under the bridge during 34 years, Prarr 
See Plate XCI. XCl 

The next cast iron bridge in point of time; was At Build- 

likewise erected upon the river aoe about. three was. 
miles above the former, at the expence of the county 

of Salop. Here the banks being low, Mr Telford, 

as county surveyor, under whose direction it was 

built, introduced the principle of suspending the 
roadway by two large ribs, one-on each side of the 


BRIDGE. 


‘which arches constructed with stone seldom reached, 
‘that is to say, 100 feet span, extending next to 130, 


Bridge ‘bridge. The span is 130 feet, the versed sine of the 
ribs. which bear the covering plates is 17 feet, the 
breadth across the soffit is 18 feet, and the height from 
ordinary low water to the soffit is $4 feet. The 
Coalbrook Dale Company performed both the ma- 
sonry and iron work by contract, and it was finished in 
1796. The eastern bank of the river is composed of 
matter similar to that which injured the abutments of 
the former bridge; but here, the foundations being 
placed upon rock, and the masonry made of a wedge 

PLATE form behind, the whole has continued perfect during 
xClL + .15 years. See Plate XCI. : 

At Sunder- he third iron bridge, in regard to time and pro- 
land, gressive increase of magnitude, is that erected upon 
the river Wear, at Sunderland,.in the county of Dur- 
ham. Itis likewise the segment ofa circle, the chord 
line.being 236 feet, and the versed sine 34 feet: the 
height from the surface of ordinary low water to the 
soft is 100 feet. The merit of having this bridge, 
instead of the ferry over the river, is chiefly due to 

Rowland Burdon, Esq. The iron work was cast at 

the founderies of Messrs Walkers, at Rotherham, in 

Yorkshire, and was erected under the direction of 

Mr Thomas Wilson. It was opened for general use 

in August 1796, and forms a magnificent feature and 

a very convenient passage in that part of the country. 

See Plates XCI, XCIII. 

The progress of this new species of bridge build- 
ing was bold and rapid, setting out from a point, 
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“Theory of Tr construction’of a magnificent stone bridge is 
Bridges. justly looked upon as one of the greatest performan- 
wes of the masonic art: for if we compare the enor- 
mous weight of a great arch, with the strength 
which the cohesion of the firtest cement can ‘give, 
we readily admit, that it is only by the nicest-adjust- 
‘ment and balancing of its parts, that they are hindered 
‘from instantly falling to pieces. 

Though there can be little doubt that the Ro- 
‘mans and: latter Greeks had paid some attention to 
this subject, from the beautiful specimens of their 
architecture, which exist even m our times; yet in 
none of their authors, either practical or scientific, is 
‘the smallest light afforded us-respecting theprinciples 
‘upon which their practice was regulated. 

' The architects of the middle ages, who constructed 
those great-cathedrals that are still the ornament of 
the chief cities in Europe, and the delight of the 
architectural antiquary, seem to have fondly indul- 
ged in the balancing of arches. They were without 
doubt directed by maxims, which had been elicited 
from a varied and extensive practice ; ‘but, whatever 
‘these were, they are to us unknown. - None of these 
architects, though many of them were men of learn- 
ing,-seem ever to have committed to writing, either 
the history .of any such-erection,:or the principles by 
which its construction was regulated. Nay,: this 
Anowledge seems rather to have been-carefully kept 
secret, and regarded asa sort. of mystery ; a craft, 
which was only to be communicated to the brethren; 

¥OL. IV.PART I, 
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: Iron bridge 
and from thenceto 236 feet. Former experience was (- 0 ne 


‘left far’behind, and a principle introduced, to the prac- ain pro? 
tical operation of which we can at present assign 20 posed over 
limit; since a design still bolder than any of the forego- the Thames 
ing was projected, when a proposition was made by 

a committee of the House of Commons, for rebuild- 

ing London bridge. Mr Telford presented a plan of 

one arch of cast iron, the chord of which was-600 

feet, and the versed sine 65 feet. This plan met 

‘with the approbation of the committee, and was by 

them submitted to the investigation of twenty persons, 

most eminent in Britain for-scientific knowledge or 
practical skill. Their reports justified its being adopt- 

ed; but a-rapid succession of political events, have 

hitherto prevented it from being carried into effect. 

Two very neat cast iron bridges, each consisting Iron 

of one arch of 100 feet, have been built over the river bridges 
Avon, at Bristol, under the direction of .Mr Jessop, ** Bristol. 
the engineer ; and one, 150 feet span, has been de- 

signed by, and is now building under the direction of, 

Mr Telford, over an arm of the sea, upon one of the prane 
Highland roads, in the county of Sutherland. See xcrv. 
Plate XCIV. 

An iron bridge :85 feet span, has been built over At Bostos, 

the river Witham, at Boston, in Lincolnshire, design- Puare 
ed by Mr Rennie, See Plate XCIV, (x) Xelv. 
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whose experience and skill had already 
them to be initiateil into the mysteries of t 
lime degree. 

It‘does not appear, ‘that a knowledge ofthis sub- 
ject could be acquired otherwisz than by experience. 
The mathematical sciences were then little known’; 
and we may see from the construction of the bridges 
-of that age, that the priests; who were ‘the’ only -ar- 
‘chitects, have had in their eye rather'the successive 
‘vaulting of a Gothic cathedral, than ‘to have origi- 
nally considered of the best way of forming a perma- 
nent and convenient road. It was only about:a cen- 
tury ago, when Newton had opened the-path of true 
*mechanical science, ‘that ‘the construction of arches 
attracted the attention ‘of mathematicians.- -Since 
“that time, volumes have been written respecting 
‘the equilibrium of arches. It has been ‘found one 
“of the most ‘delicate, as it is one of the -most im» 
portant applications of mathematical science. Yet, 
‘with all due deference to the eminent men, who 
have prosecuted this subject, we are much incli- 
‘ned to doubt whether the greater part of their spe- 
-culations have been of .any value to the practical. 
bridge builder. He is still left to be guided bya 
‘set of maxims derived ‘from: long experience,-and as 
yet little improved by theory. In truth, his works 
‘seldom fail even where they differ farthest from the 
«deductions of the theorist ; and at all-events, ‘he finds 
that a much greater latitude is allowable than theory 
seems to warrant. He is therefore surely excusable 

. 3g 


499 


Theory. 


Anew 
theory of 
arches pro- 


posed. 


in,doubting of the justice of such theories, at least 
until they are more consonant to the approved prac- 
tice. . 

It-is our intention, ia the present article, to point 
‘out anew mode of considering this subject, to which, 
with great diffidence, we request the attention of the 
“intelligent practitioner. It may indeed still be defi- 
cient,.if:not in some respects erroneous. But, it will, 


“we.think, have this nierit, that.of being readily ap- 
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" ate supported, it.is-only because in their thickness — 


prehended, and easily applied, without requiring much 
previous scientific information. Indeed though we 
chighly value the sublime geometry, we are inclined 
to think that the unnecessary parade of calculusin the 
application of science to the arts, has been one of the 
chief causes of the dislike, which many able practi- 
cal men of onr country have shewn to analytical 
investigation. 

Nevertheless, as many of our readers are well qua- 
lifed.to comprehend, and will naturally expect that 
‘we. should point out, the modes of investigation, 
‘usually pursued-in this interesting subject ; we shall 
previously, andin as succinct a manner as possible, 
endeavour to lay before them the commonly received 
‘theory of equilibration. From which, having clear- 
ed away the useless rubbish, if we can extract 
any proper materials, we may, like ceconomical build- 
ers, make good use of them in our future structure. 

The first thing like a principle that we meet with is 
in the assertion of the eminent Dr Hooke, that the fi- 


gure into which.a heavy chain or rope arranges itself," 


when suspended at the two extremities, being the 
curve commonly called the catenaria, is, when invert- 
ed, the proper form for an arch ; the stones of which 
are all of equal size and weight. 

Now, as this-idea, strictly just, has been very gene~ 
rally adopted, and affords some useful hints, it may be 
well worth while to examine it. Let A,B, Fig. B hes 
string or festoon..of heavy bodies, hanging by the 
points. A, B, and so connected, that they cannot sepa- 
-tatealthough flexible. These. bodies having arranged 
themselves in the catenaria ACB, conceive this to be 
turned exactly. upsidedown. ‘The bodies A and B 
being firmly fixed, then each body in the arch ADB, 
being acted on by gravity, and the push of its two 

Aeighbours with. forces exactly equal and opposite to 
the, former, must still retain its relative position, and 
the. whole. will form.an arch of equilibration. 

This arch, however, would support only itself ; 
hay, a mere breath will-derange it, and the whole will 
fall. down. But. if we sappose each epherule.to be 
altered.into.a cubical form, occupying all the space be- 
tween the dotted lines, the stability will be more con- 
siderable. And as the thrust from each spherule to 
ats.neighbour. is in a direction parallel to the tangent 
ot, the:arch atthe point of junction, it is obvious, 
thatthe joints of our cubical pieces. must be perpen- 
siewe 89 ‘that, so. as to -prevent any. possibility of 
sucing. s, 

_ Qur arch is now.composed of a series of truncated 
wedges, arranged. in the curyeof the catenuréa, which 
passes i heaugh their centres ; and -we are disposed, 
“with David Gregory, to infer, that when.ather arches 


some.catexaria is included. - 


e might pursue this.subject a great deal farther, 
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by investigating all the useful properties of the cate- 
narian curve; but, in our opinion, this is at present 
unnecessary. This curve is, indeed, the only one 
proper for an arch consisting of stones of an equal 
-weight, and touching in single points, but is not at all 
adapted tothe arch of a bridge, which, independent of 
the varying loads that pass over it, must be filled up at 
the haunches, so as to form a convenient road-way.. 
In this case, some farther modification becomes tie- 


-cessary. The haunch FE of the arch ACB, bearing a 
-much greater depth of stuff than the crown, it must 


be so contrived as to resist this additional! pressure. 
Every variation of the line FGH, or extrados, will res 
quire a new modification of the curve ACB, or znira- 


-dos, and the contrary. Accordingly, M. de la Hire 


has suggested a good popular mode of investigating 
this subject. Let it be required to determine the 
form of an arch of the span AB, and height CD, 
proper for carrying a road-way of the form FGH. 
Mark off, upon a vertical wall, the points A, B,C’, in- 
verting the required figure: Suspend from A, B,a 
uniform chain or rope, so that its middle may hang 
a little below the point C’, and dividing the span A B 
into any number of equal parts, and drawing the per- 
pendiculars a6, cd, &c. suspend from the intersec- 


tions e, f bits of chain eb, fd, &c. so trimmed, that 


their ends may fall on the line of road-way ; and it 
may be observed, that as those pieces, which han 
near the havach, will bring it down, the crown C will 
thereby be raised into its proper position. 

All will now do, provided that the sum of the 
small pieces of chain has tothe large one, A C’B, the 
same ratio which the stuff to be filled into the haunch- 
es has to the whole weight of the archstones; the 
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depth of which must of course be ‘previously deter- . 


mined. But, if this is not the case, it will be easy to 
calculate how. much must be added to, or subtracted 
from, the small chains, in order to obtain this propor- 
tion. This being equally divided among the’ small 
chains, will give a road-way very nearly parallel to 
the former. The curve will evidently be a perfect 
curve of equilibration, and extremely near the one 
wanted. And this whole process is so easy, that it 
may be gone through in a short time by any intelli- 
ent mason. . ; 

But although this mechanical way of forming an 
equilibrated arch be founded upon principles suffi- 
ciently just, and be perhaps the simplest and best 
way in which the -practical builder could form the 
original design of such an arch, yet as it affords no 
general rules that may be applied to the construction 
of arches, we proceed to consider the same subject in 
a mathematical point of view. 

A\nd first, then, in the semicircular polygon, as it is 
called, Fig. 4, where weights are hung on the thread 
AC'CC’B, which bring it into the position ACB, we 
have at each angle three forces in equilibrio.. Where- 
fore, by the principles of statics, they. are to one.ano- 
ther as the. sines of the opposite angles ;. that is, the 
tension 7-C is to the tension? C, as sine 1 CW isto sine 
a7 CW, but the tensionfrom C to lis the same as from 
Clo r. | Also sine 1 CW is the same as sine 7.C'W’, 
since these angles are supplementary, CW; .C’W' be- 
ing parallel; therefore the tension C is. ta.the ten- 
sion 7’ C’, as sine x’ C’/W’ to sine r.C W. Or, the tension’ 
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Theory. tw each part of the chord és inversely as the sine of 
tomo dis inclination to the vertical. 
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Again, we haveas sin.d CZ: sin rC Zz: tensionrCs 


. rCxsin.r Cl l= Hate 
tension dcx “Gnder 3 but as r Cis inversely as 
sin.r Cl 


sine r Cd, therefore tension d Cisas 


sin.rcd x sin.d Cl. 
Now, let there be an unlimited number of weights 
hung from the chord, and indefinitely near each other, 
our polygonal thread becomes a curve, Fig. 5. being 
in fact the curve of equilibration adapted to the weight 
which depends from it. The angles rCdandICd 
become 2 Cd and U’ Cd, whichare supplementary, and 
have equal sines, wherefore the product of these sines 
is the square of either. Also, as the sine of rCZor 
Cr’ is as the curvature, or reciprocally as the radius 
of curvature, we have tension dC, or weight on C, 
inversely,as rad. curv. x sin.” inclination to vertical. 

This tension, in the present case, is usually produ- 

ced by the gravity of the superincumbent materials, 
and may be measured by the area contamed between 
two indefinitely near vertical lines, EF, ef, Fig: 5; 
but while the distance Ee is constant, the area r e-will 
diminish withthe sineof EFce,as Ee becontes more up- 
right. To countervail this, we must enlarge the depth 
EF in the same proportion as sine eE}* diminishes. 
And, therefore, we have EF inversely as rad. curv. & 
sin.) eFE. That is, the height ofthe superincumbent 
matter must be inversely as the radius of curvature, 
-into the’ cube of the sine of the inclination of the curve 
‘to the vertical. : 
_, This, then, is the leading principle of the common- 
‘ly received theory of equilibration. The mode in 
-~which we have derived it is concise, but we trust it 
will not be found the less clear, or the less easily ap- 
‘prehended. 

Let us proceed to apply the theory to some prac- 
tical cases. 

If the arch be the segment ofa circle, then the radius 
of curvature is the same throughout, and the height 
will be inversely as the cube of the sine of inclination 
to the vertical. And from this we derive the fol- 
lowing very simple construction, for describing the 
equilibrating extrados of a circular arch, and which 
the reader, who has examined: this subject, will find 
much easier than those commonly ples 
- At any point D, draw the vertical Dd,and DF from 
‘the centre C ; then Jaying off D a equal to the thick- 
ness at the crown, draw the perpendiculars ad, bc, 
ed'successively, Dd is the vertical thickness at’ D, or 
dis a point in the extrados. : 

For it isevident, that Da:Dé::Db:De:De: Dd, 
‘because of similar triangles; therefore D a: Dd: rad. 
sec.3 a D 3, or inversely-as radius to eube sine ab'D. 
‘Now Dais thethickness at crown, and D 6's therefore 
the thickness at D. Figure 7 is constructed ‘in this 
way, and may serve asa specimen of the equilibra- 
ting extrados for a semicircular arch. By reversing 
‘this operation, we may find the thickness at the crown 
‘corresponding to agiven thickness-at any other point. 
And here we may‘observe, that as D approaches the 
‘extremity B' of the semicircle, the line Dd rapidly ‘in- 
‘creases, until at the point B it is‘of an infinite length. 
But indeed this must evidently be the case with évery 


arch which springs at right angles with the’ horizon- 
tal line ; for the thrust of the arch should be resisted: 
by a lateral pressure, and no vertical pressure can-act 
laterally on a vertical line. 

We may also observe, that since the extrados or 
upper outline descends firston each side of the crown, 
and then ascends with an infinite arc, there is, for any 
thickness of the crown; a point on each side’ where 
the upper edge of the extrados ison a level with that 
on the crown, Thus, if BD=—=30°, its sine is half the’ 
radius: Da is therefore =tof Dd, sothatif V v= Da 
be made 54, of VC the radius, we have the point dat 
the samelevel with V. Between this point, however, 
and the crown, there is a considerable depression; 
which is increased if the crown be made still thinner: 
On the other hand, if it be made thicker, the hori+ 
zontal line drawn through the crown cuts the extra- 
‘dos much nearer the middle of the arch. © It appears; 
therefore, that the circle is not well adapted for the 
purposes of a bridge, or a road, where the roadway 
‘must necessarily be nearly level; for no part of the 
extrados of the circular arch will coincide with the 
‘horizontal line. There is indeed a certain span, with’a 
corresponding thickness at the crown, where the out- 
line differs least from the horizontal ; that is, an arch 
of about 54 degrees, with a thickness at the crown 
about J of the span. But that is far too great for 
practical purposes. Ose ee 

‘We may, however, extend the construction just 
given, even to those arches that ‘are formied of pore 
‘tions of circles differing in curvature. For the equi- 
librating extrados being first constructed for that 
portion of the arch in which the crown. is, as far as 
the vertical line passing through the contact of the 
neighbouring curves, the thickness of the crown must 
be supposed to be enlarged, in proportion to the di- 
mimution of the radius of curvature, or the contrary, 
and, with this, proceed as before along the succeed- 
ing branch of the curve.  Thisswill, indéed, causé an 
unsightly break. in the extrados, for which we shall 
not at present pretend to find any other remedy, than 
using materials ofa different specific gravity. 

Those who wish to examine this subject farther, 
may consult Emerson’s Fluxions, or Hutton’s Prin- 
ciples of Bridges. We shall only observe here, 
that the extrados of the ellipse, and of the cycloid, 
resemble that of the circle, having an infiriite arc on 
each side at the springing ; and indeed this, as has ale 
ready been observed, is a generat rule for all those 
curves which spring at right angles to the horizon. 
In the parabola, the extrados is another parabola ex- 
actly the same, only removed a little above the other: 
In the hyperbola, the extrados' is another curve, 
which approaches the interior arch towards the spring- 
ing. None of these curves, therefore, can, with pro- 
priety, be'eniployed for thearches of a bridge, though 
there may. be cases. where a single arch might with 
propriety be formed into a.conic. section. 

The catenaria, which has been much spoken of as 
the best form foram arch, has an extrados, the de- 
pression of which,-below its crown, at any point, is 
to the depression of the curve in the same vertical 
line, in-a constant ratio. This ratio is that of the 
constant. tension at the vertex, to the same tension 
diminished by the thickness or vertical -pressure in 
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Theory: the crown. If the vertical pressure be less than the 

——y--—_ tension, the extrados. falls below the horizontal line; 
if greater, it will rise above it. 

Mathematicians finding the circle. and other com- 
mon: curves.so little adapted to the arch of a bridge, 
which has a horizontal roadway, have, in the next 
place, endeavoured to solve the converse of the pro- 
blem, and give a rule for finding the intrados or figure 
of the arch, which have the exteriorcurve a horizon- 
talline, = 
. This problem can only be resolved by calling the 
fluxionary calculus to our aid. It is a case of the 
more general one to find the intrados, when the ex- 
trados is given; and being the most useful case of that 
ptoblem, fortunately admits of a solution compara- 
tively easy. 


Method of . We have already seen, that the load ne isinversely _ 


finding the as rad. curv. X sine} inclination to vertical. Calling 
intrados therefore, asusual, theabcissa VE=z, Ch=y, VC=z, 
when the . . . : 

extradosis we have ¢fi=a, fey, Comz; and since Co: ¢f:: 


given. rad. : sin. inclin, at C ; therefore the load DC is inverse- 
r ; 3 , : 

ae ly-as rad. curv. x J. But, as is well known, the 

Vig, 8. 23 


23 : 
rad..of curvature=<+;——= 3 therefore, by multi- 


yuqcy 
plication, DC is inversely as 


comrry 


: 
J, that is, di- 


goes Fei Pee y : 
rectly. as pot, or as a hy) and is equal 
¥ z 


roa( x = ») where C is a constant quantity, found 
ae 4 aes 
by taking the real value of DC at the vertex V of the 
curve. : 

Now, in the present case, calling AV=a, we have 


DC=a+2, (AVENE \tenioreaie= X flux. of 
E gy 


4, Take =u, and by integrating, we have 


@ y 
um ek atte, and therefore. 
y= (F =)vc 


5 whence by integration 


2 
te is W242 xX x? 
yore x Lo. (2az- 2x2 + 2/20 a4 a*) + B 
‘At the vertex 20, therefore 

. y=o/C x Lo.(2.a) 
And consequently the ordinate 


“ye Cx Lo. tity este 
Qastly, to find the-value’of 4/C, we take some-point 


_ of the extrados; where the ratio of zand y-is known. 
Forexample, if the span =25, and height =A are given, 


wehave Saia/C x Lo: EEA V BHA ERR, 
3 Jaa 

henceCfez8. x Lo teh Baht hh, 
7 ier . a = 


x ; a 2 on 
and finally y=S. x hoe (ate Vdee-fer 
Lo slap gy 2ak ee 
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We subjoin a Table, calculated by Dr Hutton Theory: 
from this formula, for an arch of 100. feet span and “™\= 
40 feet rise, the thickness of the crown being taken 
at 6 feet. It is nearly of the same dimensions as the 
middle arch of Blackfriar’s Bridge, and which may 
answer for any arch where these dimensions are simi- 
larly related to each other. : 


dC. | EC. | De.: 
10.381 | 36 | 21.774 
10.858 | 37 | 22.948 
11.368 | 38 | 24.190 
11.911 | 39 | 25.505 
12.489 | 40 | 26.894 
13.106 | 4 | 28.364 
13.761 | 42 | 29.919 
14.457 | 43 | 31.563 
15.196 | 44 | 33.299 
15.980 | 45 | 35.135 
16.811 | 46 | 37.075 
17.693 | 47 | 39.126 
18.627 | 48 | 41.293 
19.617 | 49 | 43.581 
20.665 | 50 | 46.000 


The curve of Fig. 8. is accurately drawn to these prarg 
dimensions, and may give an idea of the form of an LXXx, 
equilibrated arch. It is not destitute of grace, and Fig, 8 
is abundantly roomy for craft. no 

Such, then, is the analytical theory of 3) Vila 
tion: for a practical subject it does, we confess, ap- 
pear abstruse. 

Those who have already studied the theory, will 
observe, that we have greatly simplified the investi- 
gation. The construction we have given for circular 
arches we shall probably find useful hereafter. We 
could with pleasure have prosecuted the subject far- 
ther, not om as it affords some good general views of 
the equilibration of arches, but exhibits also several 
beautiful examples of the application of the higher cal- 
culus. Yet we must repeat, with all due respect to the 
learned and eminent men who have turned their atten- 
tion to it, that we fear their speculations have been of 
little value. In saying this, we do not mean to sur- 
mise, thattheir deductions are any way erroneous; 
they are legitimate consequences from the principles 
assumed. But it appears to us, that the writers on 
equilibration, like many others who have hastily ap- 
plied analysis to physics, have taken too narrow a 
view of their subject to comprehend all the variety 
of practice. Setting out with one leading principle, 
best adapted, perhaps, to the application of calculus, 
they neglect the numerous circumstances by which 
it may be modified, and which are toa. important to 
be overlooked in drawing practical inferences from 
such.an investigation. ef 

Their principal care respects-the figure of the sof- 
fit, a thing which the practical engineer knows may 
admit of the greatest variety. As to the. thickness 
of archstones, side wall, and piers, the horizontal 
section or ground plan of the bridge, the manner of 
filling up its haunches, of forming the joints, of con- 


necting it. with the abutments, wing walls, &c. we 
are still: left in the dark.. 


The analytical writers have assumed one leading 
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Theory. principle, that the arch is in every point kept in equi- 
~—/ libration solely by the gravity of the superincumbent 
column, of matter. Now, it is even doubtful whether 
this principle be true. Atany rate, they do not consi- 
der the numerous modifications which it receives, from 
the cohesion of that matter among itself; from the 
mutual cohesion and friction of the archstones ; from 
the position of their joints ; from the different specific 
gravity which the arch and superincumbent matter 
have, or which they may be made to have; from the 
lateral, and in some cases hydrostatic pressure, pro- 
pagated to the masonry throughout that matter ; 
and, in fine, from a number of other causes, which, 
if not singly, are, when combined, at least of as much 
importance as the gravity of the vertical column of 
matter alone. 
Method of Let us turn, therefore, to another mode of consi- 
De la Hire, dering this subject, which has been adopted by De 
Parent, Be- Ja Hire, Parent, Belidor, and many others on the 
lidor, and continent, and in our own country by the ingenious 
Atwood, 
Mr Atwood. 

The latter has, from the known properties of the 
wedge, and the elementary laws of mechanics, exhi- 
bited to us a geometrical construction for adjusting 
the equilibration of arches of every form. The ma- 
thematical reader, who has not lost his relish for the 
ancient geometry, will find there an elegant speci- 
men of its application; for he completes his geome- 
trical construction without once having recourse to 
any other than the principles of elementary geometry 
and trigonometry. It had been well, indeed, if he 
had adhered longer to that mode of investigation ; 
for, by applying the analytic form too early, he has 
been led unawares to consider that only as an ap- 
proximation to the values of the quantities sought 
after, which, in fact, is the expression for the values 
of these quantities themselves. Nevertheless we owe 
much to Atwood: he has shewn, that the advantages 
of ‘equilibration are not confined: to any particular. 
eurve ; that the drift or horizontal thrust of an arch 
may be easily found; and that an arch may have all 
the advantages of equilibration, whatever its figure 
miay be, merely by adjusting’ the joints of the arch- 
stones. : 

The: stones, or sections of an arch, being. of a 
wedge-like form, have their tendency to descend op- 
posed. by the pressure which their sides sustain from 
‘the similar tendency of the adjoining sections. Should 
this pressure be too small, the stone will descend ;- 
should the pressure be too great, the stone will be 
forced upwards. ; 

These pressures act in directions perpendicular to- 
the touching surfaces; for, if the. original direction 
of any pressure should be oblique, it. may be resol- 
ved into two forces, of which, while one is perpen- 
dicular to the surface, the other is parallel to it, and, 
of, course, neither increases nor diminishes the per- 
pendicular pressure. ; 

Prats The wedge A, Fig. 9, if unimpeded, would de-~ 
LXXX, _ scend in the direction. va, but is prevented by the re-. 
Fig. 9. action.of B: and BY, acting in the directions PQ and. 
K'I, perpendicular. to- the sides AG, Qp3. and it is 
known, from.the properties of the wedge, that if Pa,. 
or K/1 be to the weight of the wedge A, as po is to. 
nc, the wedge A’will remain at rest. If also the 
wedge A be only at liberty .to slide down Ga, cone 


sidered as a fixed abutment, then the force pq alone Theory. 


will keep it in equilibrio. The force pq being per- 
pendicular to po, has no tendency to make A slide 
either up or down on that line, but produce it to- 
wards n, making NM equal to Pq; then this force act- 
ing obliquely at n, may be reduced to two others, 
viz. MR perpendicular to 4c, expressing the perpen- 
dicular pressure on the abutment of A, and Rn ex- 
pressing the force or tendency it hasto make A slide. 
upwards along ac. Again, take the vertical line a a, 
expressing the weight of A, and draw au at right 
angles to AG; it is very evident, that aw.expresses 
the tendency of A by, its weight to slide down Ga. 
A is opposite, and is equal to nr. 

For, draw the perpendiculars pd and ap, then 
the triangles aau, agp, Dd are evidently. similar ; 
and also the triangles op d, ogN, MNR, as they have 
always a common angle besides the right angle. Now 
the force Pa, that is, MN isto the weight of A, that is. 
Aa, as op to DG by supposition. 


And A@t Ai: AG: ap: De: pd: 
Therefore, MN: AH?! OD: D@::.MN } NR. 


Or mw has the same ratio to au, that it has to wR s- 
that is, aw and nr are equal, or the tendency of A 
to slide downwards by its weight, is balanced by the 
tendency of mw to make it slide upwards: wherefore - 
the section A remains at rest in equilibrio. . 

eee the whole arch as completed, with its 
parts mutually balancing each. other, the force Pa, 
which is necessary. for. sustaining the wedge A, will 
be eupplied by the reaction of the adjacent wedge B. 
Now, let it be required to ascertain the weight of B. 
in proportion to A, so that they, being adjusted to 
vps may continue to be in equilibrio, when. 
left free to slide along xz. Since mn is the pressure 
produced by Pe ina direction perpendicular to acy, 
we must add to this ua, which is derived from the 
wedge A ; therefore make m.equal to Ha, produce, 
MR. to ¥, take vz equal to ‘Rv, draw. zw at right. 
angles to KB; yw is the force tending to make B. 
slide up BK: take therefore Bu! equal to yw, draw 
the perpendicular u’.b meeting. the vertical Bd in 5 5. 
BO will represent. the necessary weight of the wedge 
B ; and the whole is so evident from the composition. 
of pressures, as to require no further demonstration. 
Such.is Atwoad’s construction ; he has rendered the 
demonstration much more prolix, by the unnecessary 
introduction of trigonometry ; and after shewing how 
the weight of the sections C, D, &c. may be found 
in the same way, he goes on to reduce these weights 
and pressures to analytical and numerical values. He 
finds these in terms of the sines and tangents of the 
successive angles of inclination; but in reducing these 
to numbers, he has been Jed to the accumulation of. 
small errors in that .very operose way of proceeding, 
to give erroneous results ;..and into the singular mis-, 
take of conceiving, that the real expression of these. 
values was only.an.approximation. Had he recalcu- 
lated the whole by more extended trigonometrical. 
tables, they .would-.have quickly undeceived him ; 
and they,would have shewn him, that what he. was 
thus searching so deeply for, was all the while lying 
exposed at the surface; that the apparent difficulties 
were entirely of his own creation, and his. imagined: 
accuracy was error. This should teach mathemati- 
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Theory. cians to beware of thinking edlculation the surest 


“ey mode of eliciting truth. 


Fig. 10. 


It should be the last thing 
employed. Nothing is so simple, so perspicuous, as 
the diagram. Its geometrical properties should be 
pursued as far as possible. They are not only clear, 
they are palpable. And in such applications of ma- 
thematical theory, the whole being a creature of the 
mind, it seldom admits of an approximating value in 
any part. : ; 

Let us now return to the geometrical construction. 

The weight of the section C, may be determined 
in the same way as the foregoing. But surely more 
simply thus: From c draw cs parallel to w2, that is 
at right angles to Ko, and make it equal to wz- Hb; 
draw scat right angles to Lo, meeting the vertical 
cc ine; then ce represents the weight of C. From 
b, draw pT parallel and equal to sc, draw rd per- 
pendicular to po, meeting the vertical p @ in d; pd is 

_ thé weight of D, and so on successively. 

‘Nay, instead of drawing pr parallel to sc, and rd 
perpendiéulat to po, we may at once draw from s, 
sd’ perpendicular. to po, which will cut off for‘us 
cd'=p d, the weight of the section D. It is of no 
consequence, although the lines of abutment do not 


- all run to the same centre o. 


And thus we obtain a general construction for all 
the sections, which turns out abundantly simple, Fig. 
10: for, upon any vertical line 4 ¢, if cb be taken to 
tepresent the given weight of any section C, ander 
be drawn at right angles to co, and Ov at right 
angles to so, meeting the other in T: then td repre- 
dents the préssure against the abutment ox, and Tc the 
pressure against oc, and by drawing rd at right 
angles to po, Te to Eo, &c. we have the weights of 
the successive sections represented by cd,de, &c. and 
the pressure on their lower abutments represented by 
ad; Te,’ &e. 

_ We thay carry the same mode of determination to 
the other side of C, and pass the vertex of the arch. 
The divisions representing the weights of the sections 
will run upwards along the indefinite line ¢ 5’. The 
dg on the abutments will be determined as be- 

ore. Should the two sides of a section be pafallel; 
the perpendiculars through tr upon: them will coi- 
cide’; such a section therefore should have rio weight. 
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will exhibit the inclination of the lower abutment of *yseet 


the section; de is the angle of that section, And 
here it-matters not where the point E be, that is, how 
great the base of the section be, provided the weight 
is equal to de. We also see that while the angles re- 
main the same, and the weights proportional, itis of no 
consequence what thecurve passing through the lower 
edges of the sections, or through their upper edges 
may be, they may even be straight lines, Accord- 
ing to this principle, the architect is not confined to 
given forms of intrados or extrados 3 he may take 
whatever curve appears most beautiful or useful: and, 
what is more, by the proper adjustment of the joints, 
ke may cast the ultimate pressure in any direction 
which he thinks most conducive to the strength of the 
‘edifice. 

The reader will easily perceive, that the segments 
of the vertical line rapidly increase, as the perpendi- 
culars to the line of abutment approach the vertical ; 
that is, as the abutments approach the horizontal. 
line; and in that position, the last segment becom- 
ing infinite, it is impossible by mere weight alone to 
effect the adjustment of the sections. 

Though the geometrical construction we have just 
given is so simple, that it appears likely to answer 
every practical purpose; yet it may be proper to ex- 
press analytically, or rather arithmetically, the values 
of thé several quantities concerned in the investigation, 
This.is attended with no difficulty, as Tve being a 
Wane angled triangle, it is obvious that the weight ve 
of the same archis the tangent of vre, or of the incli- 
nation of the lower abutment, when tv. the horizontal 
force is radius; at the same time also, the pressure 
te on the abutment.is the secant of the same angle 3 
and the weight cd of any section is the difference of 
the tangents of the inclinations of its upper and lower 
abutinents. In like manner av, the weight of half 
the key-stone, is to Tv the horizontal force as the 
tangent of half the angle of that section is to the 
radius; or, as radius is to the cotangent of the same 
angle. 


We now proceed to shew the application of this Applica- 
investigation to some practical cases, and the first we tiou to the 


shall consider, is that known by the common, though 


aukward name of the flat arch; one with which every PraT= 
mason is perfectly familiar, though it be seldom no. eee 
ticed by writers on equilibration. AB4& ais a struc- os 


But should the two lines of abutrherit’ diverge to- 
«wards the lower side, the line expressing the weight‘ 
of that section will return upon the vertical, shewing 


that such a section requires-the reverse of weight, 
viz. a support fron below. - The line tv‘drawn hori- 
Zoritally through r exhibits. the horizontal pressure, 


which is uniform through the same equilibrated arch: | 


But it is evidently greater, the less:6r-and ¢7 are 
inclined to eacli other, the weight dc being constant,” 
that is; the smaller the angle of the wedges or sec~ 
tions. It also increases diréctly as the weight of the 
section C,-&c. The line vie expresses the weight of 
thésemi-arch or perpendicular pressure oi edch ‘pier ; 
being the’ su of the'weights of all’ thé sectiotis-in’ 
the semiaréh, : pas On ae 

: Again,it is obvious that the atigles'} 7c, ore*r d, Se, 
ate ‘equal to the angles of the sections noc, con; &e: 
Tf therefore the weight of'any section E be given =de,’ 
and the requisite angle of that section be required; 
every thing else being known, we have oily to ‘join 


ture of this kind, adjusted’ to this equilibrium, and 
resting on the abutments Aa, Bé. Its construction is 
exceedingly simple; nothing more is. necessary than 
to‘ draw all ‘the joints mM, JL, &e. to one centre C3 
ana thé reason is obvious; for DK, KL, &c. are the 
differérices.of. the natural tangents of the inclinations 
of thé abutments, thé perpetidicular CD being radius 
and the same thing is true in the line da, and in every 
other parallel. section:- The: surface therefore Am, 
M1, that is, the bulks or weights of the stones, are in 
the same ratio, and itis that which is required by the 
above priticiples. Also, if we assume:-the line of its 
base to represént the -wéight of any stone in the arch, 
for example, KD: for half the keystone; then the 
perpendicular CD is the: horizontal thrust, drift, or 
‘ shoot of the arch. By increasing DC, or diminishing 
ity that is; by drawing. the joints-to a lower, -or 2 
3 
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higher centre, we may alter this-thrust at pleasure. 


fearyome What if we should take C up to D? Some curious 


PLATE 
LXXXL 
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ideas occur here, but being chiefly speculative, we 
shall not now pursue them. They serve to connect 
this case very neatly with the lintel and the Egyp- 
tian arch, (or that formed by flat courses of stones 
gradually overlapping each other, until the opening 
be covered), in each of which the horizontal thrust 
vanishes. We ought also to observe, that whatever 
weight of stuff lies on an arch of this kiqd, there is 
no change of design requisite, so long as the upper 
surface or roadway is horizontal. For being every 
where of the same height, the mass incumbent on 
any stone will be proportional to its base, viz. the 
back of that stone; since we must conceive the stuff 
-to press vertically. It.is therefore the same as if the 
whole arch had undergone a change of specific gra- 
vity; every pressure will be increased in the same 
proportion, : 

The design of an equilibrated horizontal.arch, or 
-plat band, being thus easily formed, it will not be 
difficult to extend it to a curve of any form, adh b'd'a’, 
Fig. 1. isan arch of thiskind. It is a circular seg- 
ment from the centre C, to which the joints of the 
horizontal arch were directed; the two key stones 
have the. same weight and obliquity of abutment ; 
consequently the horizontal thrusts are the same. 
The other arch stones being previously intended to 
‘have the same weight with those of the flat arch, it 
‘is only necessary.to draw thelines 11, 2 2,3 3, parallel 
to Ké, LJ, Mm, and.so as to produce this equality. 
‘This being merely a simple problem in mensuration, 
we. shall not occupy the reader’s. attention with the 
solution of it. In the Figure referred to, we have 
ivided the soffit AB of the flat arch into equal parts; 
all the stones therefore of that as well as the curvili- 
neal form, are of equal magnitude. and weight, the 
‘angles of the arch stones only varying. We might 
aake.a table of these: angles, to any given form.of 
keystone, but it is really unnecessary; for we have 
only to.take the tangent of half the angle of the key 


stone, or more correctly, of the angle of inclination _ 


to the vertical of one abutment of-the keystone, from 
a:table of natural tangents, and by adding to.it twice 
the same number successively, we have the natural 
tangents of the inclinations of all the other abutments, 
We believe, however, that the practical builder will 
prefer a geometrical construction to this, and lay off 
his joints by means of the common bevel. 
Before we take leave of the straight or flat arch, 
there is another of its properties we would wish par- 
ticularly to be noticed. ‘The reader must have al- 
ready observed; that when CD expresses the horizontal 
thrust, or pressure of the vertex, CK, CL, CM, &c. 
express the perpendicular presgures:ou the successive 
joints Kk, L4,Mm, &c. Now, itis obvious, that KA, 
LI, &c. are proportional to CK, CL; for AD, ad, are 
parallel. Therefore the vertical sides of the arch be- 
ang parallel, the pressure on each joint of the flat arch 
2s always proportional to the surface. of that joint, 
‘and the pressure. on each-square inch of joint through- 
‘out. the arch is always the same. . It -may readily be 
found too, by dividing the horizontal thrust by: the 
‘area of the vertical section. Dd. .This is a:most’ va- 
luable property, for it secures uniformity of -action 


in every part of the stracture. But it is not. to be 
found in. the arch abd; for there, the joints being 
nearly: equal, the pressure on each increases as we 
descend from the vertex, and may, at the lower’ sec- 
tions, bé eventually so great.as to overcome the co- 


- hesion of the materials. 


It may be objected to the straight arch, that the 
acute angles, as Aam, AMm, are very apt to chip 
away, and weaken the arch. Now this is certainly 
true, but it has no connection with the doctrine of 
equilibration. Thereis, however, a very ingenious 
mode of remedying it ; for if the upper and lower 
extremities of each joint be drawn.to a centre, con= 
siderably below the former, or even be formed into 
vertical lines, as at m, , it will materially stengthen 
the acute corners without injuring the equilibration. 
We may conclude, therefore, that a structure of this 
kind possesses every requisite that can be looked for 
in an equilibrated arch. Is the flat arch, then, whicla 
admits, with such facility of the most perfect eqni- 
libration, one of the strongest possible figures? We 
believe every practical man can give us a prompt 
answer.to this question. 
farther notice of it, we shall proceed somewhat far- 
ther with the applications of eur theory. The seg- 
ment 236 was adjusted to equilibrium, with reference 
to the flat arch, upon the principle that the weight 
of the archstones was only to be provided for. In 
general an arch of this kind is filled: up at the flanks, 
80 asto form aroadway as nearly as passible horizontal. 
We must, in that case, when considering the weight 
of each archstone, not lose sight of the difference of 

“pressure upon it, arising from the varying height of 
the incumbent mass. Having, therefore, divided the 
back of the arch into sections d1, 12, 23, Fig. 2, 
each containing one, two, or more arch stones,: and 
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But, before we take any: 


Prare + 
LXXXL. 
Fig, 2. 


having drawn the vertical lines from these divisions. 


to the line of roadway, we calculate the weight of 


the trapezoid of the stuff over each section;.add-this - 


to the weight of the section ; and divide the tangent 
line.or flat arch accordingly. ; 

We may even give a construction for this... The 
stuff over any section 2 3, is proportional. to: the tra- 
pezoid ¢ 2 3», or nearly zu x97 ; for -we neéd take 
no notice of the small segment of the circle hetween 
and 3, but consider:the arch. as- polygonal, in-which 
case the mean height is sw. ty 4 


But 12; 23 being equal, we have tv-or Qy as. - 


sine of 23 y (2. @.) as-sine. of the inclination of the 


arch ; wherefore, drawing the mean height ws, and . 


producing Cw to meet the perpendicular sa, take 


the. weights over the sections to be represented on | 
the. harizontal line, by lines equal to wx respectively ; 


for sw is to waxnearly-as 23 is to 2 y, and iv, at the 
vertex of thearch, is equal to 2 3; and since the weight 
.of the archstone will be nearly constant, and that 
.on the supposition. that the weight over each: section 
is represented by the trapezoidal space included: -be- 


-tween it and the roadway, let.us assume the weight 


.of the keystone, as represented by the part.dP,..and 
the others by similar additions.. If we have an.arch 
differing: in gravity:from the stuff which loads it, we 
can measure to a circle:within, or without. the circle 
of intrados PT'uW. Draw, therefore, the . horizontal 
line Po, and lay off Pa equalto4 Pq forthe half key- 
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Theory. stone and its load, lay off also abln, bemuz, &c. 
——v—— and these divisions will represent the weight of the 


‘several sections, the superincumbent. matter being in- 
-cluded. 

_ ‘This method is evidently only an ‘approximation ; 
we consider the principal load as arising from the mass 
‘incumbent on each section, or at least that the weights 
of the sections are proportional to these masses. It 
becomes pretty accurate, by taking w in the meancircle 
drawn between the soffit and back of the arch; and 
‘we might render it still more accurate, by giviug the 
determination a fluxionary form, but we write at pre- 
‘sent for the practical ‘builder, to whom the calculus 
is seldom known ; besides, asthe reader will see here- 


after, we do not think the rigid determination of this _ 


‘matter as yet of much :consequence. 

Having thus discovered the weights of:the sections, 
‘and laid them off on the horizontal line, as if for a 
flat arch, and having, either from the given form of 
the keystone, or the horizontal thrust, drawn the 
‘anglés-of abutment which a flat arch would require, 
the joints of the arch in question are to be drawn. pa- 

-rallel to these, and through the extremities of the 
‘proper sections, previously marked out, as above men- 
tioned. If there be intermediate joints, they may 
either be drawn properly ‘related to the others, or 
separately, discovered by a repetition of the con- 
struction. For example, let C be the given centre 
forthe keystone ; draw Ca, Cb, Cc, &c.; and through 
1 draw the joint 1R parallel to Ca, also 2T parallel 
to Cé, and 3W to Cc, &c.: the arch would then be 
‘in equilibration. 

Thus we find, that, by the proper adjustment of 
the joints to the weight of the section, we may form 
equilibrated arches, having soffits of any figure that 
may be thought proper, and with any proportion of 
dead weight over them that. circumstances may re- 
quire. Wet us now look at the converse of this pro- 
blem ; where ‘the inclinations of the joints being given, 
it is required -to discover the mass or weight which 
must be allotted to each section, so as to preserve 
the whole in equilibrium. 

Pursuing the mode already employed, it is evident, 
‘that i we lay off from one centre the angles to be 
formed by. the successive joints, or abutments, with 
the vertical-line, a horizontal line drawn to cut them 
will represent, by its successive segments, the weights 
of the several sections; while, at the same time, the 
perpendicular let fall-from the centre on this line will 
exhibit the horizontal thrust. Ifthe arch, therefore, 
must throughout be ef equal thickness, we have only 
to mark off upon the soffit, or rather upon the mean 
curve, segments proportional to those of the hori- 
zontal line. “If the upper and lower outline of the 
arch be determined, we must divide it into trapezoids, 
having the same proportions; then draw the. joints 
parallel to the lines expressing the given angles of 
anclination. Such joints will run to several different 
centres, thereby shewing us, that their union in one 
‘is not at all necessary to the security of the arch, 
-even should that be a. portion of a circle. 

The position of the joints is usually given in a dif- 
‘ferent way from that which we have just considered. 
In circular ‘arches they are generally formed by pro- 
ducing the radii fromthe centre; and in others they 
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are commonly drawn perpendicular to the curve. 
Now, though we have just shewn, that this is by no 
means necessary to the-equilibrium, yet, as it ts in rea- 
lity the most convenient in practice, it may be of im- 
portance to attend to the effects likely to be produ- 
ced by this modification. 

We see, in Fig. 10. that the tangents on the ho- 
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Plate 


rizontal line rapidly increase as we pass outward, pyyy 
and we should therefore increase, in the same pro- Fig. 10. 


portion, the weight of our sections. We cannot in- 


crease the base as proposed above, for that is neces-— 


sarily given by the position of the joints, but, as we 
are still able either to increase the height or the 
breadth of the sections, we may consider the effect 
of both these modes. 

Let it be required, then, to equilibrate a circular 
arch, where the stones being all of equal thickness, 
with joints equally distant, and drawn all to one 
centre, we are only at liberty to increase the width 
of the roadway, or length of the horizontal courses. 

Considering each course of arch stones as a prism 
of a given base, a supposition sufficiently accurate, 
it is evident, that its magnitude or weight increases 
with the length only. But this weight must, from 
the principles already laid down, be as the difference 
of the tangents of its abutments ; the lengththerefore 
must be in that ratio. Accordingly we find the 
breadth at different distances from the vertex in the 
same way with the weights of the sections; the 
-breadth at 45° must be double, and at 55° must be 
about triple of that at the crown, and will increase 
still more rapidly afterwards. Proportions such as 
these may answer well in the short flight of steps fora 
flying staircase, but are quite unfit for our present pur- 
pose. When we recollect, however, that in a bridge, 
the extraordinary expansion towards the haunches 
is materially corrected by the increased pressure of 
the incumbent mass in that part, we are encouraged 
to proceed a little farther, and consider the effect of 
the second mode of effecting the equilibrium. 

The pressure of matter upon each section has al- 
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ready been stated as proportional to zv x sw; but dv is LXXXh 
the difference of the sines of the angular distances of Fig. 2. 


the successive abutments from the vertex, and sw is 
the mean versed sine added to the given thickness at 


the crown, when the roadway is horizontal. We have 


therefore the pressure as the difference of the sines X 


{mean versed sine + thickness at vertex.) But these 


pressures are also, from the theory, as the difference 
of the tangents of these angular distances. In the 
present case, where the angles of abutment, and, 
consequently, where the difference of their sines and 
tangents are known, and where the mean versed sine 
‘may also be readily formed, it will not be difficult to 
state the conditions of equilibrium for an arch of any 
dimensions. ; 
In the common mode of building, we must give the 
arch a sufficient thickness at the keystone, to resist 
the horizontal thrust, ensure stability, and bear the 


loads likely to come upon it. We must also cover this 
“part with a certain thickness of gravel, or other mat- 
‘ter, so as to forma roadway. The varying pressure 


of the wheels of a loaded carriage, when it is propo- 

gated through this stratum of gravel, will be so far 

diffused as not to disturb the stone immediately be- 
7 ee 
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low it, nor injure the bridge by splintering away 
its corners. This thickness is made as small as pos- 
sible, that the bridge may not be unnecessarily eleva- 
ted, aud the roadway is preserved nearly horizontal. 
The other courses of archstones too, do not often 
differ’ much in thickness from that at the crown. 
Bat although these things are pretty constant, there 
is a considerable degree of latitude m filling up the 
space between the back of the arch and the road- 
way. It may be done with substances varying in den- 
sity, from the lightest charcoal or pumice, open shi- 
ver or chalk, to closely rammed clay, or even solid 
masonry ; and it is not uncommon to make, in various 
ways, open spaces in the masonry of the spandrel, co- 
vering them above, so as still to support the roadway. 

Tt will therefore be proper for us to enquire, what 
is the density requisite over every section of an arch, 
where the thickness of the crown is given, the road- 
way horizontal, the arch of uniform thickness, and 
the angles of abutment of the several sections constant, 
that is, all drawn from the same centre; or, what is 
the same thing, let us suppose the structure built up 
toithe horizontal roadway with parallel sides, and 
then enquire, what is the proportion between the 
pressure borne by each section, in this way and the 
pressure of equilibrium; we shall thereby discover 


5 6 


Tie aie 177° 
500 } 936] 989 


DOES 
1063 


8 98 [6h 


5 842 | 819 


872 | 869 859 


6 


40 9 79 | 143 | 932 


Jor over the flank of the arch; 


are 
3 -00024 | .00381 


| ow 


9.2 


a a 
1164 
The excess of each section over the key section will therefore be 
{ 117 | 191 | 292 
But we must consider, that a part of the thickness at the crown is roadway, and this not, like the 
arch-stones, kept of uniform magnitude over each section, but must be diminished in the ratio of the | 
differences of the sines of the abutments, or horizontal bases. 
790 | 755 
Now suppose the roadway, and other constant superstructure, to be at the crown of equal weight with |, 
the arch-stones; a supposition not far from the truth, and from which any small variation is not of 
great consequence ; the weight of arch-stone and roadway will be a mean beween lines 3 and 5, or 
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the ratio in which the density of the backing must, 
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if needful, be diminished; and the quantity of ex- —V 


pansion necessary towards the springing of the arch, 


that the advantages of equilibration may be preserved, 


even in this state of things. 

Before we give a more rigid determination, we 
should wish to shew the practical builder, that the 
solution of this problem may be easily approximated 
to, by the help of the trigonometrical tables. For 
we may suppose the matter of the archstones to be 


‘the same in specific gravity with that which lies 


above it; and as there can be no impropriety in con- 
sidering the arch as polygonal, fram joint to. joint, 
our mean versed sine is only half the sum of those 
at the two joints. The supposition is not strictly 
accurate, but itis sufficiently near: greater strictness 
would only serve to render the calculation more com- 
plicated, without making it more useful. 

_The following Table exhibits, in the first Ime, the 
supposed sections of the polygonal vault, taken 5° 
asunder. The second line is the angles of abutment, 
or inclination of each joint to the vertical. The 


third, the ratio of weight in each section, taking as. 


the standard 8722, or the length of the arch of 5° in. 
1000ths of radius ; of course this line is merely the 


differences of the natural tangents taken at every 5°... 


ll 
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1489 | 1749 | 2119 | 2664 | 


1302 


430 | 6i7 [| 877_| 1247 [1792 [_ 


These differences are 


714 [ 668 [ 617 | 561 j 499 [ 


| 872 | 871 | 866 | 857 | 846 [| 831 [ 8l4 | 793 [ 770 | 745 [716 [ 686 [| 


| And the excess of weight necessary on each section; will be 


Which is only about a fifth more than the preceding. And this ‘must be provided for in the spandrel, | 
the solidity of which will be found, by multiplying the numbers in 
; line 5 as bases, into the mean height of the matter at each section, These mean heights, or versed sines, ; 


4 | OC 01519 | .03407 | .06037 | .09369 | .13397 | .18085 | .23306 | .29289 | .35721 | 42642 | 
when the roadway is horizontal. And the effect of line 5, into line 8, which will express the end of 
the prismatic section over each arch-stone, will be ‘ ; 
| 34 | 131} 98.7 | 49.4 | 74.0: ] 1011 | 129.1 | 156.0 | 180.6 | 200.3 | 212.8 | 
In which observe, that the unit of height is radius, the bases being expressed in the same notation as in 
expressing the weights. -If a number in this line be divided by its corresponding number in line.7, it 
will express the thickness at the crown, in terms of the radius, which equilibrates the matter over the 
‘| corresponding section, between the arch i.ad horizontal roadway. ; when that stuff is filled solid, and of. 
equal density with the arch, of course these thicknesses are 


345 | 319 | 288 | -254 


350 | 509 | 719 | 1004 | 1403 | 1978 


27 108 | 


[- 


‘The use of this will be understood by the follow-. very nearly to the ilth- key. We see by this last 


ing example... Suppose the thickness at crown 4 of 


table, that the flanks of the arch over that key; or 


the radius of.the circle, or 149857; which answers at 50° on each side of ‘the arch,-must be ‘filled solid. 
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fore prosecuting this farther, let us assame the thick- Theory: 
ness equal to 4% of the radius, or #', of the span yw 
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Theory. Between that’ and the crown they must be lightened, 
by using lighter matter, or making vacant spaces in the 


spandrel; and ata greater distance from the crown, 
the flank, although solid, will be too light for a crown 
of 2; so that we must expand or increase the breadth 
of the arch, in order to preserve the equilibration. 
Every different thickness of crown will require a dif- 
ferent arrangement in this respect. .Without.there- 


in asemicircle 3a, proportion not unusual, and of eas 
calculation ; from thence, to find the density of the 
matter in the spandrel, take the numbers of line 7, 
divide by those of line 9, and multiply by the given 
thickness 4j;, that is, divide by 10; we have for the 
density in the spandrel, in that case, 


555 | 100] 93 | (13) | 


{iy | -26 |] 260 [ .270 7.989 | 313 | .346 [39% | .460 | 535 


Accordingly, the density beginning at } about the 
crown, must be about 3 at 30° from it, and thence 
gradually increase till about 60°, where it must be-1, 
orequal to that of thearch. After that, if no denser 
material can be employed, the arch must be expanded 
in breadth, haying already arrived at the limit of den- 
sity. 
if we make the thickness at the. crown 3, of radius, 
the densities will just be 4 of the above numbers; the 
point of solidity will be removed a little farther from 
the crown; and indeed whatever ‘be the thickness, 
ithe densities.will be proportional to the .above num- 
bers, and may easily*be had from them. ° 

The above is for a horizontal roadway. There will 
-be some alteration requisite if the road be made to 
slope up the arch: the quantity of pressure that is 
thus lest, must be corrected by. increasing the den- 
-sity of the spandrel ; and this will be more necessary 
towards the springing. It will-not be difficult for 
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‘the practical builder to form an idea of its effect. 
Take the section at any part, say 30° from the 
crown, where the horizontal distance is 4 of radius; 
suppose the road to slope J in 10, for example, 
which is great, the fall will have become 4% of ra- 
dius, or..05.; the versed sine .is .1339, aceordingly 
the height in the -spandrel is reduced to .0839, and 
the density being increased, inversely as the height, 
we have .552 in this case at SO° instead of .346, 
other things being the same. Yet this density is too 
great; for the solid matter in the roadway will be 
increased, ‘being lengthened by sloping. At the 
same time it admits of doubt, whether it may not be 
made thinner, in the same proportion; for its oblique 
position gives a greater vertical thickness, ‘T'his 
will preserve the density at .552, and the whole 
series will be found, by deducting 4%; of the sine 
from.the versed sine in col. 8, and proceeding with 
the remainders as with col. 8, as follows: 


-09369 
4226 
05143 


5785) 6428 
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29218" 28061 
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And.the.effect of this height into the diff. of sines will be 


pleas 
And the density! —2.2 


Where we find the density in no case less than 3, 
-which is about 30° from the crown, and it increases 
both ‘ways, about 3 at 45° and at 19°, and solid 
about 53° and 163°, the first 10° are marked ne- 
gative; for-we should observe, that when we keep the 
thickness, at the crown ==,4,, the parallel to the road- 
way cuts the curve of arch-stones. We ought in fact 
to make the roadway of a proper thickness where 
‘the arch approaches nearest to it, and relieve the 
-crown by rounding the two inclined planes into each 
-other, .This will also tend to diminish the density 
necessary in the spandrel ; for the height will be a 
ittle increased, while at the same time a greater pres- 
‘sure is derived from the solid roadway. But we 
choose'to allow the example to remain in this way, 
that the reader may see that every necessary infor- 
mation can be got, even in this way of considering 
BD | oa . 

_ A smaller degree’ of slope, as 1 in 20, or 1 in 40, 
will tend to diminish still farther the density neces. 
sary in the spandrel, and approximate it to those 
found forthe horizontal line. We might calculate 
the densities as well for these useful slopes, as for 


40.6 


63.4 | $8.21 113.4) 137.0 | 157.4 mS 


1.552 1.5771 634 | 738 1891 | 1.15 


other thicknesses of the crown or proportions be- 
tween the key-stones and superincumbent roadway, 
which, in the preceding enquiry, is taken at equality ; 
but we forbear doing so, being satisfied with giving 
the intelligent practitioner clear ideas of the subject. 
He already knows there are pretty wide limits to his 
practice; and, if the case be any way delicate, we 
should think any person deserving the name of archi- 
tect may, after what we have said, go over the ne- 
cessary calculations for himself. 

The mathematical reader will perhaps say, that 
we have taken a very awkward and unscientific mode 
of resolving this problem ; we are not, however, in- 
clined to admit that opinion. Our object has not 
been to give a specimen of the application of cal- 
culus ;. but to shew the practical builder how a good 
conception may be. formed of the relative pressures 
in different parts of his arch, and this by a process 
purely arithmetical, and which is level to every ca- 
pacity. . We conceive that this is the way to make our 
‘speculations really useful, and perbaps it were well if 
scientific men had this oftener in view. Neither 
have we carried our results to many figures, like 
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Theory. some authors, who give five or six places of decimals; 
weeny for we have considered that no commun modes of mea- 
suring either distances, angles, or weights, can pro- 

ceed to any thing near that nicety. Yet, that we 

may uot rest satisfied with an approximation without 

shewing what degree of accuracy can be obtained, and 
especially that we may render this mode of conceiv- 

ing the subject more useful by a more complete so- 


lation of the problem, we proceed to the following. 


analytical investigation. 

We have already shewn that the weights of the 
sections must be proportional to the differences of 
the tangents of the successive angles of abutment. 

This is to be provided for, 
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Ist, By the weight of the arch-stones ; here taken Theory-- 
as oe ; ye 
9d, By.the weight of matter forming the roadway, 
&c.; here taken as of uniform thickness, and varying: 
in effect only as-the difference of the sines of the. 
distances from the. crown. ; 
3d, By the matter in the spandrel ; which may be 
made to.vary.in density, and is equal in the longi- 
tudinal section to the versed sine multiplied into the. 


. difference of the sines. 


Take z, the angular distance from the vertex, 0 
the density in the spandrel, a the thickness of the - 
arch or keystone, 7 the thickness of the road, &c. at. 
the crown. 


The sections are = (a+r) flux. tan. sm (ar) (1402)2 


The road is =r flux. sine z==rz cos. z, wherefore 


(a+r)(1+tan.* z) zoraz for the archstone 
+.r'cos. zz for the road’ 


+43 %X cos. z 2% V sin. z for the spandrel : 
that is at-r+i?z(atr)=a-+r cos. x-+dcos zx V sinez 


and ¢?2(a-+-+-r) 47 V sine s=d cos. 2X V sine z. 
_ tan. ? : iW 


ee : 
cos. XV an (e+) agente cos.3 V sine: Crit 


Which may be thus expresed : 

In an arch of uniform thickness, mith a horizontal 
roadway, given the thicknesses of the arch and road. 
way; required the density in every. part of the spand- 
rel, so that the whole may be preserved in equilibrio. 


To imice the log. tangent of the angular distance: 


Jrom the verter, add-the.log. secant. and subtract the 
log. versed sine ; take the corresponding number, and 


multiply by the thickness of crown; and.add to this the. 


secant multiplied by the thickness of roadway. These, 


r sec. ¥ tan.” ,. 
or -~——— (a-L-r TX s8eC. 2B" 
cus. V sine ( si ) Ox 


being: expressed in terms of the radius, the resulting. 
number gives the density in the spandrel, or propor- 
tion which the solid matter in measuring transversely 
across the arch bears to the whole breadth at the: 
crown. 

Accordingly, we have constructed the following: 
short Table from this formula. The first line shews- 
the multiplier for the thickness at the vertex. The. 
second shews that of the roadway ; and is merely. 
the table of natural secants. 


Be j_ lor {15° 20° | 25° | 80° | 35° 40° | 45° 
9.01916.2.07809|2.18140 |2.33757|2.560742)2.87293|3.309600 sone 584 
1.00384|1.01543|1.03527611.064: - IT, 1083768}1.16470'1.92077sI1.305407'1.414214 

50°. | 55° | 60° 65° 70° 75° 80° ~ 85° 90° 
6.18556 -|8.513614 |12.000\18.84713 |33.54315 |91.40552 |224.144 |1649.6946 | Infin. 
1.555724(1.743447 | 2.000] 2.366202) 2.923804! 3.863703 | 5.75877| __11.47371I Inin. | 


Asan example of the use of this Table, let us take the thickness at the crown =4% of radius ; and upon the 
supposition that the roadway, &c. is as thick as the archstones at the crown, we have, by multiplying as 


above directed, the following densities, viz. . 


at 5° 10° 15° 20° 95° 30° 35° 40° 45° 
25211 25858 26990: 28697 81124 34508 = 3920045822 «55356. 
at 50° 55° 60° 65° 70° 15° 80° 855 
69634 93853 1.30000 2.00302 3.50051 9.33374 165.5432 


And if these densities. be compared with those of 


line 11th, the reader will satisfy himself as to the- 


value of the approximation which is there employed. 

It would not be difficult, upon principles similar 
to the above, to establish a theorem for the elliptic, 
parabolic, and other curves similar to that we have 
now given fr the circle. But this is of less general 


usc; and the limits assigned to an article of this kind, 


22.70234:' 


prevent us from entering at present upon an investi- 
gation, through which, perhaps, few of our readers 
would be: inclined to follow us. 

Another opportunity may be found of offering 
this to the public notice. 
But, inthe meantime, the reader must at once see, 
that by this mode of expressing the density in the 
spandrel, the solution we have given. applies to any- 
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Theory. form of roadway. All that is necessary, is to com- tian arch ; and in any case a platformis thus formed, Theory. 
“—-y———" pare the densities in the Table above given fora upon which the gravel may be laid for a roadway. “= 
circular arch, with the relative height between the In all probability, the first inventors of this mode 
back of the archstone and the bottamof theroadway of building, besides employing it with the view of 
in the given design ; and this will, we are sure, be equilibrating the arch by lightening the part over 
more readily, and more satisfactorily done by the. the haunches, had also an idea of steadying it by the 
common builder: with his sector and compasses, than Jateral abutment. They appear to have considered 
by giving him equations for any number of figures these spandrel walls as a sort of hoops, that would 
of extrados. _ ; keep the parts of the arch together, and hinder any 

We have arrived at a theory which is very nearly stone from moving, by their great friction, iner- 
consonant with what has become, among our modern tia, and mutual abutment. Hence various ingenious 
builders, the most approved way of distributing the modes have been employed for locking them into 
weight over the haunches of an arch. It was cus- the back of the archstones, propagating the pressure 
tomary, in the construction of bridges, to fillup the through, and securing them from sliding away at the 
haunch with solid matter, such as gravel, earth, or bases. } ; ; 
the like, until a roadway of a proper slope was pro- They indeed act in this way; nevertheless the 
cured. Where the arches were small, this might not equilibration of the arch should be attended toin 
be-attended with any perceptible bad effect, provided their construction, that every unnecessary strain may 
the archstones were of a good depth. Butthene- be avoided. The thickness of these walls may be 
cessity of lightening the haunches, has been forced varied indefinitely, and the vacant spaces made in 
upon the attention of builders, whenever large arches any proportion to the solid parts. The walls ought 
have been attempted. A more remarkable instance to be near each other, that their effect .may be felt 
of this we cannot have than in the bridge of Ponty- over the whole arch, and perhaps they should spread 
pridd, in Wales, built by William Edwards, a simple out towards the bottom ; bit this is not so very ne- 
country mason of Glamorganshire. It is one of the cessary, for the courses of archstones. break joint 
boldest arches in Britain, perhaps even in Europe, with each other, and the inequality of pressure in 
being 140 feet span, and 35 feet rise;.a portion ofa one course is immediately corrected by being propo- 
citcle of 87% feet radius, and the depth of archstones gated to the succeeding. We may determine readily 
is only 3 feet. the thickness proper for these walls, by the help of 

To each haunch there are three cylindrical open- the Table last given, provided we know the thickness 
ings running through from side to side: the diameter of the arch, and of the roadway, (including the small 
of the lowest is nine feet, of the next six feet, and of arcade below it, ) and the breadth of the whole struc- 
the uppermost-three feet; and the width of the bridge ture. For example, let the breadth of the soffit be 
is about eleven feet. To strengthen it horizontally, it 20 feet, the thickness at crown ys of the radius, and 
is made-widest at the abutment, from whence it con- the archstone alone «4; being the same proportions 
tracts-towards the.centre, in the old and-unartificial as for the fumbers in the example to last Table. 
way, by seven offsets, so that the roadway isone Then from that example we find. the thickness of 
foot nine inches wider at the extremities than at the all the masonry in the spandrel must, near the crown, 
middle ; and is also very steep. be 4, or 5 feet; at 30° fromthe crown, it must be 7 

That this mode of lightening the haunches is ef- feet; at 40°, 9 feet 44 inches; at 50°, 13 feet 11 inches; 
fectual, we have undoubted proof in the case before and at 57° or 58°, the whole must be solid masonry. 
us. Itis not ungraceful, but were it thought so, Suppose, in the next place, that the side walls are 
the tunnels might be concealed by the side walls, 18 inches thick, and the spandrels $ in number, of 
Indeed these tunnels might, even become useful, by course there will be four opemugs. The. thickness 
affording additional passage for the waters indanger- of each wall must be at 50° from the crown 3 feet 
ous floods, as seems to have been intended in the an- 8 inches; at 40°, 2 feet IZ inches; at 30°, 1 foot 

Pratt cient. bridge of Merida, the Pont St Esprit over the 4 inches; and diminishing from thence to half that 
LXXXUI. Ritone, and in many other similar structures both thickness. Perhaps eighteen inches is too thin for 


ancient and modern. Nevertheless. we cannot approve 
of this mode. It seems to press unequally on the 
arch, and only at a number of detached points; and 
though the widest: tunnel may be placed: just where 
the greatest evacuation is necessary, yet this ill agrees 
with the gradual epproximation to solidity, which 
we should find in passing down the back of the arch. 
‘To. make- correct -workmanship in: these tunnels is 
troublesome and expensive. he following mode, 


the side walls, but they may be thickened towards. 
their bases, diminishing the thickness of the. spanr 
drels in proportion. On the other hand, uine inches 
appears too little for the spandrel wall, when :we 
consider, that an arch is to be built an it; but the 
height near the crown will be so small, that a little 
additional thickness there will be of no moment; 
nay, it will enable the arch the better to resist any 
overload at the crown. 


which, has.npw become the.customary, practice of aur. 
most experienced bridge builders, is much preferable. 

Thin longitudinal walls are built over the flank, 
of the arch parallel to the sides of. the.bridge, and 
about three or four feet asunder. The spaces between, 
are covered at top. with thin flat stones, or arched,oyer_ 
by pointed or circular arches; or they are covered -by. 
regularly pengeenng: courses in the way of an Egyp.-. 


We have now determined a method of constructing Equilibra. 
an-equilibrated arch for sixty degrees on each side of tion of se- 
the.vertex.;. and this method, so far from having any ¢micireular 
thing unusual, is even strictly analogous to that which arches 
1s adopted by the, practical builder, Why then can- 
not we keep pace with him throughout, and give.a 
construction for the entire semicircle ?. No diftouley 
is felt by the mason: in that cage. He. constructs 
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such arches every day. Nay, they are not only the 
most common, but the most anctent of all arches. 
But the reader must have ere now observed, that.our 
theory is in this particular defective. The enormous 
expansion of the roadway, or the infinite height of 
superincumbent matter which it seems to require 
when the joints are nearly horizontal, are altogether 
preposterous and impracticable. We are sure they 
are unnecessary ; for many semicircular arches have 
existed from the time of the Romans, and_are still in 


goad order. What is more, the failure of such arches: 
near the springing; where they differ farthest from: 
the theory, is a most unusual, and, indeed, unhéard: 


of phenomenon. Is our theory erroneous, then, or is 
it only defective? There is no reason for distrusting 
any of the consequences we have hitherto deduced. 
They are mathematically derived from an unquestion- 
able principle, the action of gravity. But.we have 
not yét: considered all the causes of stability. . The: 
lateral resistance of the masonry, or other matter be-- 
hind the arch, acts powerfully in preventing any mo- 
tion among its parts,. and, independently of that, the 
friction of the archstones, assisted by the cohesion 
of the cement, affords a great security to the struc- 
ture. We have even seen a semicircular ring of 
stonés, abandoned. to itself without any backing, and 
stand very well; long enough, at least, to admit of. 
the other work being leisurely applied to it. 
was no lateral pressure 5 no équilibration ;° why ‘did 
not the lower courses yield to the pressure propaga-- 
ted from above, and slide-off ? It was only their fric- 
tion that could retain them. It is eenaily increased 
by this very pressure. Avnd it is unquestionable, that 
a ring of polished blocks in that situation would not 
have hung together for a moment. The force of 
friction, therefore, makes so important a part of: our 
subject, that it deserves a separate enquiry. . Let: us: 
see how it may be estimated, cee 

When.a mass of matter is moved along other mat- 
ter of the same kind, the resistance produced by fric-- 
tion has bebn usually stated at + of the weight. That 
of freestone, indeed, is eupposed to be greater than 
%, perhaps it-is 4. And in’ the case to which we- 
are going now to apply it, there can be little doubt,. 
that, aided by the inertia of the stones, and the cohe- 


‘ston. of the cement, the friction.is even much more. 


But this force is inert ; and we are at present enqui- 
ring, how far we are benefited by it in promoting the 
stability of our structure. ‘It will, therefore, be pro- 
per to underrate it, at least until we discover how far 
we are warranted to say.it must be beneficial. 

Let LMN, Fig. 3, exhibit the three sections: (10° 
each) of an arch, which we may conceive equilibrated 
above the section L, or 60° from the crown. Draw 
LT, expressing the direction and magnitude of the ul- 
timate pressure, perpendicular to the upper surface of 
L. In hke manner tv is the horizontal thrust, and vi 
the weight of matter over L to the'vertex. Draw the 
perpendicular t y 65 -rL is the direction of the ulti- 
mate pressure when propagated to the lower.surface 
of L; yx is its tendency to make L slide upwards 
along the joint. Now it id evident, that, if yy has 
to y T a-less.-ratio- than. the friction has-to the pres- 
sure, L, will not move. Nay, what is more, L will 
itself have some weight. Take La to -represent it, 


Here’ 
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which, in the case of equal sections, = the tangent 
zz. Draw rv @ for the ultimate pressure in the lower 
surface of L, and @& for the force to be resisted by 
friction, in this case equal to..1343, or about’2~ of 
the pressure, and of course less than the friction, 
which will at-least be one-third of the same. . 

Since L does not move upon the section M, they 
are to be considered as one solid mass, and we pur- 
sue the pressure through the section M. For this 
purpose, lay off ac for the weight of M, draw the 
perpendicular: d, and the parallel c d to the joint 
Mo, cd@ is the force opposed to-friction in that joint, 
and still is less than one-third of td, the pressure be- 
ing, in the case of equal. sections, =.2796, or about 
44. Lastly, lay off ce for the weight of the lowest 
section N, and draw as before. It is evident, that ef, 
the force opposed by friction here, is just equal to rv 
the horizontal thrust, as might. have been concluded 
without any investigation. In.the case of equal sec- 
tions; its proportion to.¢ for v-e, the weight of the 
semi-arch or perpendicular pressure, is as .4425, or 
about +, which is probably more than the friction 
will oppose without other assistance. 

If, therefore, the friction on the horizontal bed at 
the springing be not equal to. the thrust of the arch, 
we must increase ‘it, as by. dowellingit, for example, 
into the lower stones, or by backing it with other ma- 
sonry, or by increasing the pressure on that joint, with-. 
out altering the thrust of the arch, which may, be done 
by thickening, or loading the arch just over the spring~ 
ing. And here the theorems forthe extrados of equilibra- 
tion come to our aid; for we see, that any quantity of. 
matter may be laid over the springing courses,.and far 
from disturbing the-arch, it will tend to.increase its 
stability. Indeed from what we ,have just said, it 
may be reasonably inferred, that. the theorems for’ 
equilibration rather shew the relative. weights that may, 
be Jaid on the different parts of an arch, without 
tending any where to disturb it, than those which: 
must be laid on as, necessary to its existence. .The 
force of friction acts: powerfully either way in pre- 
venting any derangement of. the. structure, and, will 
therefore permit us to make with, safety: great devia- 
tions from the conditions. of equilibrium. . 

. It may not be improper to inquire, what are the 
conditions for equilibrating an arch by means. of.the 
friction -6f its segments alone,—that is to say, what 
are the alterations practicable in the position of the. 
joints, or in the weights -over the several sections, un-. 
til the tendency of each section to-slide is just. balan: 
ced by the friction. at its lower surface ? 

Whether we inquire into the position of the joints, 
or the weight that, may be applied, there are two ca- 
ses; forthe friction. being an inert force, will resist 
the stone in sliding either upwards or downwards. 

I. Let it be required to determine the position of the 
joints in an arch, when: each section is just prevented 
from sliding. outwards by the friction ‘at its lower 
surface, Oey 
, Let the arch, Fig. 4,. spring. from a horizontal 
joint,.as- w 2, where;.of.course, the friction acting. in 
UN;-is. just equal. to:the horizontal thrust, and must 
therefore. have to 7’ or VN. the weight of the semi- 
arch, the ratio which friction has to .the incumbent 
pressure, say }. TN is the direction of the absolute 
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pressure at the abutment Nz. Take nu the weight 
of the section N, rm is the pressure on the joint of 
M, and making mm similar to NT 2’, M m will also 
represent the extreme frictian in that joint, and T 1 
its load,. and so on successively. Wherefore, if Tm, 


tl, &c. be found, the juints of the arch may be drawn. 


at right angles to these lines respectively, and every 


stone will be exactly in the predicament of N, that 


is, just kept by its friction from sliding away. 


‘The positions of 1m, Tl may be readily discovered 3. 


for the angle nr must be equal-to NrM. If, 
therefore, we make Ta equal to TN, draw. the tangent 
aw. and making a b=xm, and joming T b, ‘we have 
‘av baru. And, in this manner, taking a6, be, 
&c. for the weights of the -successive sections from 
the scale, and drawing lines from 7, the jomts may be 
formed perpendicular to the lines thus drawn. 

‘Upon the’ same principles, ‘we readily find a con- 
struction for the extreme weights. of. the sections, 
when the positions ofthe abutments, &c. are given. 


‘This is so evident, that: we shall not stop to point it. 


out.» 

But a more convenient construction perhaps would 
be, to take the horizental thrust, or quantity of fric- 
tion in the vertical line-C d, Fig. 5. ‘Lay off the 
weight’ of the semi-arch da, draw Ca, make Cz 


equal'to it, also’#'z, mark off the weight of the sec-. 


tions along. #2, and through the divisions draw lines 


from the ‘centre;. the joints required are parallel to:. 


these. lines. eS 

II, Let it be required, in the next place, to deter- 
miné the other limit to the position of the. joints, or 
that in which’ each section is just prevented from sli- 
ding in; by the friction ‘on its lower bed. 

Here it is evident,:that. as the-friction acts precise- 


ly opposite to its: direction in the former. case, the- 


joints:may- have,‘on the: opposite side, exactly the 
same dégree of obliquity to the position of equilibrium. 
Draw; therefore, the tangent'v y parallel to @c, cut it 
with C o equal to a C, lay off the weights of the sec- 
tions along vy,-and draw lines from C; these lines will 
exhibit the positions of the joints, which of course may- 
be drawn parallel to them.’ We have marked. these. 
two limits of: position. in three joints of the half arch 
above'the same’ figure, assuming the friction at one- 
third, and-taking the first section of 30°.as equal to 
the thrust: and any-other arch might have been in- 
troduced as well asthe circular. Any of the linesin 


the triangle C da makes with the corresponding line in, 


Cyv;or in,C 22, an'angle equalto aCz,that 1s, when 
the friction is one-third-of the pressure, equal to. 18% 


26"; and ‘when-the friction is- one-half, this angle. 


is 26° 34’. The position of any: joint, therefore, may 
‘vary in the former 18° 26", and in the latter-case 26% 
34’; on eitherside of -the position of equilibrium, be~ 
fore any sliding can take place among the sections. 


Nay; ‘the friction of. polished freestone is even more. 


thari one-half, perhaps it is two-thirds of-the  pres- 
sure, which would give 33° 4’. And it is proper to 


observe, that this is net- confined to the annulus. of: 


archstones, but holds equally with whatever weight 
the sections may be loaded. We may observe-then, 
that in any arch, the position of the joints maybe va- 
ried about 20°, perhaps-30° from that of equilibrium, 
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before any derangement can arise from the sliding of Theory. 
yo 


the arch stones. 

This is a most important conclusion, and leads to 
extensive practical consequences. . It affords a true 
explanation of the facility with which arches are every 
where constructed, even by the common country ma- 
son, The equilibration theory has shewn us, that by 
adjusting the inclination of the joint to the weight of 
incumbent matter, we may suit an arch to any piven 
circumstances ; and we here find in the friction of the. 
parts a powerful addition to its stability. We trust, 
therefure, that the reader.now sees the propriety of 
the observation, which we made abuve respecting 
the inutility of searching very minutely into the exact 
position of these joints. It is in common cases scarces 
ly possible to go wrong. But it must be observed, 
that the variation of position above mentioned, is to. 
be reckoned from. the position of equilibration, not 
from the common joints radiating all from one centre, 
or perpendicular.to the curve, unless where such an 
arch is equilibrated by the.supermcumbent weight. 
For in an annulus of archstones, with radiating joints, 
which is the most common mode of construction, 
those towards the vertex can be drawn only a very lit- 
tle lower, and those towards the springing only a very. 
little higher than the original ceutre, though either 
of. them admits of a.considerable variation in the op-. 
posite direction. 

’ For this.reason therefore we approve highly of the 
practice, which we believe is very general among arti- 
ficers, we mean that of backing up the arch with so- 
lid masonry, for several courses above the springing. 
For granting that the friction. on the horizontal bed 
be fully equal to:the thrust, yet as the tendency to- 
slide off is greatest: there, it is well that it should be. 
effectually resisted. This is readily done by the solid- 
backing, which increases the mass of friction; and: 
in the case of a bridge of several arches, enables us to- 
set the contrary thrusts of adjoining arches in opposi- 
tion to each other. The materials, therefore, in that 
part, ought to be. laid close up to the spring ‘courses, 
and:also bonded into the inferior part of the abut- 
ment or pier, which will act as a sort of dowelling, . 
and does not preclude the employment of that means. 
also, If great security is thought necessary, cement,’ 
being a compressible substance, ought to be sparing= 
ly employed in the vertical joints at the. back of the 
archstones. 

The friction.of the-sections of ‘the arch, as.it per- 
mits a considerable variation to take place in the po- 
sition of-the joints, will also admit a considerable de- . 
viation from the load, which is necessary for equili- 
brium over any point of the curve, 

It would not be difficult to investigate the. extent: 
to which-this variation of weight might. be carried. 
But we shall at present only remind the reader, that 
as- we find a variation of 20°. practicable in the posi- 
tion of the joints, he may conclude, that each section 
will admit of its load being altered ‘to that- which 
would suit a point in the curve 20° on either side of 
ite US. , mek! mS ; 

ut in speaking of this alteration. of weight, it. 
must be-observed, that we consider it only so far as it | 


is likely to cause the sections of the arch to slide on . 
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arch be thm, and of course flexible, a deviation 
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ol by driving down the key stones. And though it “~~ 


men denne 


from equilibrium may produce an effect equally de- 
structive with that which would arise by the sli- 
‘ding of the sections. Suppose this deviation to con- 
sist in overloading the crown, a case very likely to 
‘occur, foreven the variable pressure of a loaded wag- 
-gon bears, in some cases, a very sensible proportion 
to the weight at the vertex of the arch, this overload 
will be equivalent to a greater thickness of crown, 
and of course will sensibly increase the horizontal 
thrust, while the total weight of the arch, or vertical 
pressure, is much the same as before. This is.a still 
stronger reason for backing up the spring courses 
with masonry ; for.unless the stones, where their 
joints become nearly horizontal, be sufficiently steady, 
they may, by the increasing thrust, be pushed along 
their beds; for they are already near the limit of 
steadiness from friction : a very short slide will open 
the joints towards the crown. The same thing will 
also be produced by the compression of the cement 
‘an the arch. The vertical sections will descend. They 
already tend strongly to doso. The separation of 
the sections on’ each side of the vertex is equivalent to 
drawing their joints to a lower point than before, 
-This will again increase the horizontal thrust. 

We have seen, that these joints are already too low 
for equilibration in. a common circular arch.’ The 
motion of the lower sections, therefore, if once be- 
gun, will go on increasing, until the arch. falls to 
pieces. But what is perhaps of more importance, as 
the joints towards the crown will now open below, 
-and the scctions, not being in entire contact,. will 
hang by their upper corners only, these may chip and 
‘crumble away, thereby forming them into more acute 
wedges, and giving us a new cause of destruction. 
For though the cohesion of the matter of the.arch- 
stone may effectually resist the tangential: pressure, 


-when distributed over a joint of considerable superfi- 


cies; yet when the whole of that pressure is con- 


‘densed into.a small compass, or a mere point, and: 


that near the edge, and acting perhaps in a very un- 
‘favourable direction, since the friction permits it to 


“act with great obliquity, its destructive tendency 


may be irresistible. 
Suppose a motion of this kind actually going on 


-in an arch, as is generally the case when the centre 


or scaffolding is taken from below it, How is it to 
be prevented? We answer not easily: For though 
the motion be exceeding slow, or almost impercept- 
ible, yet the quantity of matter is so enormous, that 
its momentum is great. Nothing, therefore, but the 
most solid work could resist it. Accordingly, in 
striking the centres of an arch, the whole is not 
taken away at once. It is not likely that amy arch 
‘could withstand that treatment; but the centre is 
gradually let down, stopping now and then until 
the work settles. It-does so first at the spring- 


ing and haunches, and the crown of the arch is masonry, it isnot easy to see, every thing being steady, terials for 
the last part -that departs from the centre. It ap- how it can act in an'y other way than in the vertical ‘Alling up 
pears, therefore, ‘that every arch ‘isa segment of a direction. ‘If, however, a motion takes place in the aes 
greater circle, after it is finished, than before. Al- arch; the mass of materials lying nearly over the ~ - 


lowance should be made for this in the -design, 
and in calculating the weights necessary for equi- 
ibriuni from the horizontal thrust. 


- the back of the archstones. 


-An-attempt 


is far better to render such expedient unnecessary 
by careful workmanship, yet this. method is not to 
be despised. It seems to have been the common 
practice of the ancient architects. An overdriven 
key-stone, or console, as it is termed, is one of the 
most usual ornaments of the archivolt. Neverthe- 
less, even when this expedient is thought necessary, 
it should be employed with great caution. Wedges 
of small taper have great power. And the horizon. 
tal thrust should be-in no case increased, without ve- 
ry weighty reasons. ; 

Suppose the arch. to descend somewhat at the 
crown, the stones there will hang by their upper 
edges, even when there is no apparent opening on 
the lower side of the joint. They will be. pretty 
close for a good. way on each side, so far indeed 
as the equilibrating superstructure extends, or te 
about 60°, And it will then. be tolerably well 
equilibrated, even though the superstructure should 
not be yet applied. For the arch being then at the 
crown, the theoretic extrados:will run further dowa 
on-the back of the curve, ere it turns up again; and, 
of course, will for a good way not differ much from 
But beyond this point, 
or about 60° from the crown, things are not likely to 
be so steady. Wedo not say, the lower sections will 
slide: their friction is likely to prevent that. But 
the best workmanship cannot prevent them from 
rocking a little. At least, the sum of the motions of 
each joint will at length come to be something. The 
haunches will slip away a little, just where the equi- 
libration ceases. The circular arch will become 
somewhat elliptic. The joints about that point will 
‘open behind; and if the case be dangerous, the 
stones will chip away below. Something of this 
kind, indeed, goes on in the building of every arch. 
As the courses approach the crown, their thrust 
makes the lower ones recede a little from the centre. 
But as the process is gradual, and the finishing 
courses are adapted to the shape of the opening 
which receives them, perhaps ‘the only bad effect is 
the derangement of the crystals of lime, which have 
already begun to form, while the cement fixes in the 
lower joints of the arch. “With good workmanship, 
the amount of the final derangement is so small, that 
no joint is‘opened beyond the limit at which repul- 
sion acts, especially in such great pressures ; so that 
every. ‘storie may be still considered as butting pretty 
fairly on its-netghbours. : 

Having ‘now exhibited the effects that may be ex- 
pected from the friction of the-parfs of an arch, one 


‘thing only remains to be considered in this department 


‘of our subject, which is, the lateral’pressure likely to 
arise.on the back of the arch, from the materials em~- 


‘ployed to raise the structure to the horizontal line. 


If the materials employed here be only a solid.mass of 


‘springing, whén-the arch is not very different from 
pringing y Gur 


a semicircle, will have such an enormous friction, if 
well-built and ‘bonded together, as would appear e- 
2 


“~ 
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Theory. qualto the resistance of any pressure that is likely 
“= to be opposed to it. 


And when the arch is a seg- 
ment’ much smaller than a semicircle, the rules we 
have already given for its equilibration must be con- 
sideced. But, instead of solid courses.of masonry, 
the haunches of arches are often filled up with coarse 
gravel or shiver, and sometimes with mere earth or 
sand. Jiaterials of this description does by no means 
act by mere dead weight. It has a tendency to slide 
down towards a horizontal position; and, of course, 
possesses, in some slight degree, the quaquaversum 
pressure of a fluid. This may act on our arch ina man- 
ner altogether new, and produce strains for which 
hitherto’ we have made no provision. We shall first 
consider the back of the arch as filled up with a fluid 
substance,.as water. The pressure in every part 
will be in a direction perpendicular to the curve, and 
will. be proportional to the depth. A pressure per- 
pendicular to. the curve will be equivalent, in effect, 
to.a vertical pressure,. which exceeds it.in the ratio 
of the secant of the inclination to the vertical. Of 
course, the pressure at the springing, when all is 
equilibrated, must be equal to the horizontal thrust 
in a semicircular arch.. Take the thickness of matter 


1 { _ 
at the crown =; of radius, the weight of one de- 
nN 


gree =k, then the horizontal thrust will be 5724, 
and the height of' fluid- necessary for this will be 573 
times the thickness at vertex, ‘provided the specific 
gravity of the fluid be the same with that of the 
arch. But if not, let f= the gravity of the fluid, 
and Sx that of the arch at vertex, then bine a: 


be the height required. Suppose the arch made of 
brick, which is about double the specific gravity of 
water ;' and we have, for water filling up the flanks, 
till just covering the crown of the arch, a depth at 
the springing nearly equal to the radius; and, of 
course, the thickness at crown should be about +2, R, 
or zZy of the span, when in equilibration at the spring- 
ing. We take no notice of the effect of the arch in 
assisting this. Water; therefore, is much too light 
for equilibrating an arch at’ the springing, in any 
modérate.thickness of crown. It might, however, 
be.so employed.” The quantity requisite is. always 
finite, even at the vertical spring courses; and by 
expanding: the arch, ‘or otherwise employing its hy- 
drostatical ‘properties, ‘the requisite weight of fluid 
could without doubt be obtained in any case. But 
it'is unnecessary to pursue this: speculation farther 
than merely to observe, that its weight’on the arch, 
where a, variation is requisite, might be adjusted, by 
attending to the modes-of altering the density which 
we have noti¢ed, when ‘speaking -of filling up the 


‘arch by masonry alone, | 
‘Though the action of ‘sand, gravel, or mould, in 
éituations such as this; be not exactly the same with 
that of water, in, following the laws of hydrostatical 
pressures, yet these materials resemble water, and may 
be conceived to hold the middle place between the fluid 
and the solid backing.. In some respects they aré more 
advantageous than thé fluid. They are stiffer, ‘so to 
apeak, affording’a lateral abutinent tu the arch, if it 


is likely to. yield 5, and.as the parts have a great fric- 
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tion among themeelves, it will require a much greater 
pressure acting horizontally, to make the matter rise, 
than inthe case of afuid. We must not, however, be 
too confident. Materials of this kind are compressible; 
and we have already seen, that very slight shifts are 
attended with dangerous consequences. At the same 
time, we need not be much afraid of a trivial departure 
from exact equilibration ; for it is not likely that ma- 
terials.of this kind will act with the powerful effort 
of hydrostatical pressure. 

But there is another case, where matter of this 
kind is hkely to be attended with more pernicious 
effects than even a fluid of equal density ‘would be. 
We mean, when the back of the arch is gorged up 
with water from land floods, ifthe backing be open 
gravel, or shiver, we have superadded to its weight 
that of the whole quantity of water admitted into 
the structure. This, even if it acts equally on both 
sides, must be a dangerous experiment on any arch; 
but where it is confined to one side, as is generally 
the case, and between lofty side walls, the effects are 
likely to be serious indeed. Accordingly, the builder 
forms gutters inthe side wall to let off the water 
ere-it collect. A practice which is in general highly 
useful; but which, in the case of sand, clay, or 
mould, is of smallservice. The water enters into such 
matter by its capillary attraction; and fills it to the 
upper surface in spite-of our guttérs. It of course 
expands it, and this with a force which we cannot 
measure, but which we are sure is very great. Here 
the friction of the parts, which was so useful in. the 
former -instance, proves extremely hurtful. ‘For as 
the matter cannot easily rise; and probably the adhe- 
sion of -its particles is increased by-the water, the 
expanding force becomes an enormous hydrostatical 
pressure acting -perpendicularly on'the side walls and 


extrados of our -arch, and. which. in all probability 


they may not sustain. 

‘We do not mean to pursue the theory of the pres- 
sures exerted by these semifluids any further at pre- 
seat. We look upon their use in this case as radi- 


Ifthe reader wishes for more information onthe sub- 
jects he will find it when we come to speak of retaini 
wails. Inthe meantime we may remark; that the dan- 


‘Serous. consequences of this mode of backing are, in: 
some degree, prevented by ramming the layers ‘of 


matter, especially if it consists.of mould or'the like ; 
or, by -puddling them go as to form a mass imper- 


vious to water. And here we should observe, that 


as this ramming will produce an extraordinary lateral 
pressure, we must attend to equilibration, as.we rise 
along the’arch, and secure the side walls, by thicken- 
ing them below, or curving them horizontally or ver- 
tically. 

The thickness of the arehstones is an important 
department of the theory of arches. It is natural 
that we should endeavour to make them as small.as 
possible. . ‘Chat will diminish the expense of the struc- 


-ture; Jessen the pressures in the arch, and -increase. 


the security at the springing. But. there is an evi- 


dent limit to: this ‘diminution; for though we take 
every pains to render the joints close, ‘the stones. may: 
by the. 


come at length to be’ so-small as to -crush 
thrust, of the arch. This is, indeed,'a curiauf branch 


Theory. 


-cally bad, and would recommend its discontinuance. 


On the 
thickness 
of the arch~ 
stones. 
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Theory. ofenquiry. It depends intimately upon the corpuscular the arch is equilibrated, the depth of the arch-stones Theory. 
ty actions of the particles of stone ; asubjectonwhich,we must be doubled; and though the equilibration be “-“v—~" 


regret to say, that our information has been hitherto 
very scanty. The writers of this article have, at pre- 
sent, a series of experiments in some forwardness, which 
will throw much light on this, as well as on many ether 
departments of architecture. Meanwhile, that we may 
not disappoint the reader by leaving the subject un- 
touched, we shall endeavour to draw some information 
respecting it, from the present state of our knowledge, 
and the dimensions of structures already existing. 


The question evidently depends on the amount of: 


the tangential pressure. At the crown this is the 
horizontal thrust. We shall suppose all the joints 
to be duly drawn to equilibration, the sections fairly 
abutting on each other, and no weakness arising from 
acute angles. 

Stone, it is said, will carry from 250,000 to 
850,000 fb avoirdupois per foot square, and brick 
300,000 fb. They have been made practically to 
carry 3% of this, and even more. The pillar in the 
¢entre of the Chapter House at Elgin carries up- 
wards of 40,000 1b on the square foot, and there was 
formerly a heavy lead roof on it. It is a red sand 
stone, and has borne this pressure for centuries. 

We shall therefore take 50,000ib per foot as a 
load, which may be safely laid on every square foot 
in the arch. A cubic foot of stone weighs about 160 tb 
per foot ; and brick weighs less. Suppose, there- 
fore, the arch to be one foot thick at the crown, and 
the keystone one cubic foot, it will bear a horizontal 
thrust of 50,000 Ib, that is, 3125 times its weight. 

But, 50,000: 160 :: R: Tang. 11/0" 3, which will 
be the angle of the key-stone in that case. So that 
an arch of S122 feet radius, or a semicircular arch of 
625 feet span, might bear to have a key-stone of a 
foot deep, without risking its being crushed more 
than in structures which have already stood for many 
*years. And this may be called the limit of stone 
arch building ; for if we double the depth of the stone, 
we will thereby double the weight also, and its ratio 
to the horizontal thrust will still be the same. In- 
deed this limit does not much exceed what has been 
actually executed. A considerable portion of the 
bridge of Neuilly is an arch of 250 feet radius; and 
Gautier mentions a platband in the church of the 
Jesuits at Nismes, the camber of which, after set- 
tling, would make it a portion of an arch of 280 feet 
radius, The length or span is 263 French feet, the rise 
only 4 inches, and therefore the diameter of its circle 
would be 560 English feet. 

This singularly bold platband was made under the 
conduct of Pere Mourgues, after the design of Cubi- 
sol, an able architect. The stones are 1 foot thick, 
their depth is 2 feet towards the key, and 2 feet 4 
inches at each end. It had a camber given it of about 
6 or 7 inches, and descended near 3 inches on striking 
the centres. ( Gautier.) 

We see, that the horizontal pressure does not de- 
termine the vertical thickness of the arch-stone. But 
as we pass down the arch, it is plain that the butting 
surfaces must increase, in proportion to the increasing 
tangential pressure. 

At sixty degrees from the vertex, granting that 
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carried no farther, yet, at the springing or horizontal 
joint, a small increase will still be necessary. The 
ratio. will soon be found. To the square of the 
weight of the semi-arch, add the square of the hori- 
zontal thrust, the square root of the sum is the pres- 
sure at the springing. If we divide this by the hort- 
zontal thrust, it will give the thickness at the spring- 
ing, compared with that which is necessary at the 
crown. Or if we divide it by 3123, it will give the 
smallest depth of joint which should be used at the 
springing. ‘The thrust and weight are supposed to 
be given in solid feet. If given in pounds, divide the 
above quotient by 160, or divide at once by 50,000. 

Example. Required the thickness of the lower 
joints for a semicircular arch, when the weight of a 
section of a foot in breadth from the crown of the 
arch to the springing is 60,000!6, and the horizontal 
thrust is 20,000 tb, which answers nearly to a 60 
feet arch, 4 feet thick at the crown. - 


60 20 — 50,000)63,250( 
60 20. 1,265 feet, 
3600 “400 or 1 foot $¥ inches nearly; of 
400 course the vertical section, or 
4000(63.25 key stone, might be only 
36 29000—-2 of a foot, or 4¢ 
128)400 inches, if it were necessary 36 
369 to reduce it. 
“310 &e. 


For another example, take a 50 feet arch, having 
5 feet thickness at crown. The semi-arch may be 
found sufficiently near, by multiplying the half span 
into the half height to the road, viz. 25% 15=375. 
And the horizontal thrust 5 x 25=-125 fect of stone, 
375°= 140600, 1257=13625, their sum is 156250, 
the square root of which, divided by 3124, gives 
1.265, or 1 foot 3 inches; and here again the verti- 
oe or 44 inches only. 

z 

If we calculate upon the same principles, the depth 
of arch stone at the spring course of a semi-circle of 
100 feet epan, 10 feet thick at crown, we shall 
find it to be 5 feet, and at the crown the depth may 
be 19 inches. In the great arches of the bridge of 
Neuilly, the thickness at the crown is about 4 feet 8 
inches, the span 128.2 feet,"and height 32. The ho- 
rizontal thrust is great, the crown being drawn with 
a radius of 150 feet; consequently this arch would 
require a depth at springing of about 4 feet. But 
when the centre was struck, the crown of this arch 
descended 23 inches, which has rendered it a portion 
of a much larger circle, and has greatly increased 
the horizontal thrust. After all, the pressure at” 
the springing is scarcely greater than in the last 
example, and the depth of joint there need not 
have exceeded 5 feet. It is nearly three times that, 
and even at the crown the thickness is + greater 
than the increased thrust would require. We trust, 
therefore, that, in spite of the great risk this singular 
arch has run, it may yet long remain a monument of 
the skill and boldness of the able architect who de- 
signed it. 


cal section might be 


38 


‘Theory. 


506 


It may be proper to observe, that the French ar- 


‘sey chitects Perronet and Soufflot, made an experi- 


O£ Piers 


ment on the strength of the stone of which it was 
composed. They found, thata cubic foot of it, which 
weighs 152 Ib, required 240,000 ib. to crush it. In 
the above investigation we have only taken it at 50,000. 
_ The thickness at the crown of the arch, cannot, 
with propriety, be reduced so much as we have sup- 
posed in the above examples. This part of the 
structure is liable to be strained transversely. And 
it has been found, that when stone, or other matter, 
is bearing a great pressure longitudinally, its strength 
against a transverse strain is thereby much diminished. 
‘But, independent of that, there is another cause for 
preserving the crown of a greater thickness. The 
warying pressure of carriages would be apt to pro- 
duce some motion among small stones; this would 
chip away their angles, and accelerate the destruction 
of the building. But there is seldom any need for 
this reduction. In most cases, it would only be ad- 
ditional labour. 


Or Pisrs. 


Tue piers and abutments of a bridge must be so 
constructed, that each arch may stand independent 
of its neighbours. Forthough, by the mutual abut- 
ment of arch against arch, the whole may rest upon 
very slender piers, if once the structure 1s erected ; 
yet, as they must be formed singly, and are exposed 
to many accidents, it will be best to contrive them, 
that the destruction of one arch may not involve in it 
that of the whole. 

Some of the writers, on the principles of bridges, 
in treating this department of their subject, have 
found it necessary, by the help of the higher calcu- 
Tus, to find the centre of gravity of the semi-arch. 
‘The solution of the problem, we are convinced, so 
far as it is useful in practice, lies much nearer the 
surface. 

The -reader has already frequently seen, that the 
ultimate pressure may, in every case, be reduced to 
‘two others, viz. the weight of the semi-arch above, 
and the horizontal thrust. In the equilibrated arch, 
this pressiire is directed perpendicularly to the joints 
.of the sections; and these being usually drawn at 
yight angles to the curve, the pressure is in the direc- 
tion.of the tangent tothe arch. Hence, we have 
often called it the tangential pressure. Upon this 
principle, however, when the curve springs at right 
angles to the hérizon, an infinite pressure is required 
jn the vertical direction,—a supposition which cannot 
have place in practice. We must accordingly call in 
the assistance of friction in that case ; a force which 
may be set in opposition to the horizontal thrust, and 
which, increasing with the superincumbent weight, 
very fortunately keeps pace also with what it is in- 
tended to oppose. 

' Granting, then, that the friction isso contrived, 
upon the principles already explained, that there is 
no danger of. any slide at the horizontal or springing 
pn it. will be readily admitted, that no slide is 
likely to take place in any horizontal course below. 
that, till we arrive at the foundation ; for the disturb- 
ing force is constant, but the friction increases as. we. 
ae 
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descend. Our principal care then must be, that the 
pier does not overset, by turning on the farther joint 
E of its base, as a fulcrum. Take a in-the horizon- 
tal joint, Aa@ as the centre of pressure. Draw-aV 
to represent the weight of the semi-arch, and VT the 
horizontal thrust ; then ‘T'a is the ultimate pressure: 
and if, when produced, it falls within the base of the 
pier, it is perfectly obvious that it can never overturn 
it. And this is altogether independent of the weight 
of the pier; for if that were a mass of ice, immersed 
to the springing in water, the case would be exactly 


. the same. 


But the pier itself hasa considerable stability, arising 
from its own weight; and even though the direction 
of the ultimate pressure of the arch alone pass out of 
the base, the tendency to overturn the pier may be 
balanced by its weight. This weight may be sup- 
posed concentrated in the centre of gravity of the 
pier, and of course to act in the vertical line which 
bisects it. 

Its effect will be nearly found by laying off in that 
line from the point g, where the direction of the ulti- 
mate pressure of the arch intersccts it, grocto the 
weight of the pier, and taking gs=the ultimate pres- 
sure=aT, and completing the parallelogram, the dia- 
gonal drawn from g will represent the direction and 
magnitude of the united pressure of the arch and pier. 
This is not strictly accurate ; it would be so if a andg 
coincided, which is the case withasingle arch standing 
on a pillar: but in general, the ultimate pressure is 
still more favourable than this. Its direction at any 
point is in the tangent of a curve, which approaches 
the vertical as we descend, since the proportion ari- 
sing from the weight of the pier increases with its 
height. 

In order to find analytical expressions for these 
forces, let the horizontal thrust of the arch =#. The 
weight of the half arch =a, and that of the pier 
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=p, the height of the picr to the springing of the- 


arch <A, the breadth at the base 6. 


1. Then the horizontal thrust acting in AG,. 
tends to overturn the pier, and its force round the 


fulcrum E will be represented by multiplying it by. 
the perpendicular distance AD= viz. h xt. 

2. The weight of the pier acts in the direction BC, 
and its effect will be represented by multiplying it by 
the leverage CE, viz. px id. 

3. The arch acts with the leverage EK, which is 
not equal ro the breadth of the pier, by the part 
KD=AH, say % of the depth of the joint at the 
springing. This will never exceed one-fourth of the 
breadth, when two. different rings of arch-stones rise 


from the. same pier, unless the pier widen below... 


Call EX, therefore =3 6. : 

We have now ki ibp+iba; whence, 
ht sht 
eptia” 2p+3a 
To find the least breadth of the pier. at its base, 
divide the horizontal thrust by half the pier added. 
to three fourths ‘of ‘the half arch. Multiply the 

height-of the pier by the quotient.. ee 


24, naatliprte) 


» and consequently, . 


that is, 


2 


The height’ of a pier to. the. springing, having a. 
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Theory. given base and weight, is found by adding the half 
term’ pier to three fourths of the arch, multiplying by the 
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at top, as is verycommon. Excluding these colla- Theory: 
teral advantages, we shall consider the whole as rec- “~V~ 


breadth of the base, and dividing by the horizontal 
thrust. , 


hi—iba he 
3d,p= p= ar eae ; 

or the weight of the pier cannot be less than the 
excess of the horizontal thrust multiplied by twice 
the height of the pier, and divided by the base, 
above one and a half times the semi-arch. 

In the above determination it may be observed, 
that we consider the weight of the pier as indepen- 
dent of its base. Now, though it may be said with 
propricty, that the weight of the pier cannot be 
known until we know its thickness, which is the 
very thing sought, yet a little consideration will 
shew, that we may give different magnitudes to piers 
which have equal bases, and that, either by altering 
the outline of their sides, the density of their struc- 


tangular, and then the stability may be found in the 
We have already ata 
, eP+744 

and in the case of a parallelogram I= ib(h+c), ¢ 
being the height from springing to the roadway. By 
substitution there arises 16*(h-+c) + 3abxit ; 
and.by resolving this quadratic equation, we have 
i Qhe 34 


— 3a 2 
= rset (qiga) Tae) 


2(h4c)ht+ial—sja 
ee ee oe 
mula for the thickness of solid piers to support equi- 
librated arches ; and it must be observed, that if the 
arch be understood to act otherwise than at 3 the 
thickness of the pier, this coefficient may be altered 


accordingly. 


longitudinal section. 


or thus, & = as a for-~ 


Asan example of the use of the above, take an Explana- 
arch of 100 feet span, six feet thick at the crown tien a the 
and semicircular. The horizontal thrust is 6 <50 formule 


ture, the gravity of their materials, or the weight of 
solid matter over them, we may therefore, when the 


base is given, apply the weight necessary to keep 
the pier in equilibrio, provided this does not require 
the pier to be any more than a solid mass up to the 
roadway. Should the base assumed admit of the pier 
being much less than the solid parallelopiped, we 
may diminish it in various ways; as, Ist, By opening 


arches over the pier, where, in case of floods, we’ 


will procure an addition to the water-way ; a prac- 
tice very usual in the ancient structures: or, 2d, By 
tapering the pier towards the springing of the arches, 
or by .making each pier only a row of pillars in the 
line of the stream, arching them together at top; a 
mode which may perhaps be objectionable ina water- 
way, but which would have avery striking and light 
effect in land arches. Something of this kind has 
been done by Perronet at the Pont St Maxence. 

When piers indeed are to he exceedingly high, as 
in the columns which are sometimes employed in sup- 
porting a lofty aqueduct, the best way is to make 
them hollow, and give them stability, by enlarging 
the base. They will, in that case, press less on the 
foundations, be less expensive, and they may be 
greatly stiffened by hooping. 

Indeed it is not usual to make piers solid all the 
way up tothe road; the spandrel-walls are carried 
back so far as to unite with those of the neighbour- 
ing arch, are locked together by a cross wall just 
over the middle of the pier, having also walls longi- 
tudinally, and the whole arched or flagged over from 
spandre] to spandrel just under the roadways. 

Nevertheless, as the case of solidity will enable us 
to assign a limit to the breadth of piers, which it 
may be proper to be acquainted with, we shall pro- 
ceed in that investigation. 

The weight of the pier in that case will be as the 
rectangle under its height and thickness, expressing 
the. weight of arch and pier by the cubic feet of 
stone. The pier indeed will be somewhat more ; for 
the sterlings or breakwaters, at each end, will add 
something to its stability; and this will be still fur- 
ther increased in proportion to the horizontal push, 
if the whole bridge be wider at the foundation than 


== 300 cubic feet ; and let us take the weight of the 
half arch as —1200 at a medium, since, on account of 
the open spandrel, it may be considerably varied. Sup- 
pose the arch sprung at 18 feet high, then A--em7. 


Qht 2. 18. 300 


3.1200; Sa \* 
also 55 = (as) =147.93, 
and 4/146 -+ 147.93=217.14, 


; : 8a : 
from which subtract ihc) ==12.17, we have 4.97, 


or 5 feet nearly, for the thickness of the pier, 
which is not one-twentieth of the span, In an ex- 
ample nearly the same as this, 13 feet has been 
given by an eminent mathematician for the thickness 
of the pier; but the reason is, that the stability 
which the pier derives from the superincumbent arch, 
has not been taken into consideration ; an oversight 
the more extraordinary, since it is evident, that sales 
this weight did bear completely on the pier, it could 
have no tendency whatever to overturn it. 

Suppose that cin the above formula is =0, or, 
what is the same thing, that the pier is carried ne 
higher than the springing, 

7 Ba 
ah 
And im an arch of the above dimensions, 
3a 31200 
#=600, —- =-——-._—- 
EO 4h 4% 18 
=2500 

V3100—50=55.68—50=:5,.68. nearly, or about 
a seventh part more than the former, We see there- 
fore how little the stability may depend on the mere 
weight of the pier. nes . 

fe may have a proof of the accuracy of this de- 

termination, by comparing it with the formula first 

given for the thickness of piers, viz. 6=———— ae 3 ht, 
é : ; TLS 

or the overturning force, will be 300x 18=5400, 


we have b= ~/ 9 oe 
2 


== 50, when squared 
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Theory. ‘The pier in the first case, taking it at 5 feet, will be 


arch-stones 2 feet deep will require a pier of 9 feet Theory: 
Sewn 5 X 74 370, and Ep 43a will be 1854900 or — 


only. If we build up the pier behind the springing “—-—~ 


1085; multiply this hy 5, we have 5425, a little 
mere only than the overturning force, as the thick- 
ness was taken at 5 feet, which is a little in excess. 
The reader, if he chooses to go through the calcula- 
tion for himself, will find 4.97 agree exactly. 

In the second case, the pier =5.68 nearly, x18 
==102.24, and its half =51.12, which added to 900, 
and multiplied by 5.68, gives 5402.3. <A trifle in 
excess, because 5.68, like the former, is only an ap- 
proximate number. 

The weight of the pier in this case making so 
small a part of the whole resisting force, we may 
readily believe, that its total immersion in water 
would make no great addition to the requisite thick- 
ness. Stone, when so immersed, loses about 2 of its 
weight, being in specific gravity about 2} times that 
of water ; and, in the above example, were the whole 
pier under water, it ought to be about a fiftieth part 
thicker. 

We have hitherto supposed the arch equilibrated, 
at least as far as is conventently practicable, in which 
ease the horizontal thrust is represented by the rec- 
tangle under the radius and thickness at crown. 
But if the equilibration of the arch has not been at- 
tended to, we must consider whether any uncommon 
weight about the shoulders may not produce, by the 
help of friction, a thrust in the arch fully equivalent 
to what would arise from a greater thickness at the 
crown ; and our calculations are to be regulated ac~ 
cordingly. 


On the other hand, we have given the arch a 


weight in the above example which is nearly that of: 


solidity. But in general the arch weighs much less. 
The most common case, where the stability of the 
pier is any way doubtful, is’ when it carries no more 
than thering of arch-stones, and before it is assisted 
by the weight of the superincumbent backing. The 
weight keeping the pier steady, is now much dimi- 
nished; while the horizontal thrust is unaltered ; 
for, if not propagated by weight, it is by means of 
the friction of the sections propagated to the pier, 
so as to act against it in the same manner as if com- 
pleted. 

Now, as it is by no means likely that the arch 
will. be made thinner at ‘the spring-courses than at 
the crown, while any additional thickness of the 
former is always in favour of the piers, we shall pro- 
ceed upon the supposition, that a regular annulus, 
or ring of stones, is laid-on them everywhere of equal 
thickness. Suppose this thickness, as before, to be 6 
feet. Inthat case the semi-arch of the above dimensions 


measures 499.5, or 500 feet, and af 2t 4 =) 


pe 1500 __ 1500 _ 


or 11,4, feet for the breadth of the pier. But it is 

by no means likely that the arch would have 6 feet 

thickness of crown in these circumstances ; 2, or‘at 

most 3 feet, would, in all probability be thought 

sufficient’ for”a depth of keystone; and a ring -of 
3 


for about 6 feet, this thickness may be reduced to 
8 feet ; and it will be absolutely necessary to do so 
in a case of this kind, to prevent the lower sections 
of the arch from sliding away. 
The above example is taken for a semicircular 
arch; and though the reader must see, that the 
thickness of the pier is in no certain proportion to 
the span, it is nevertheless obvious, that those 
writers who derive it from that, have hitherto erred 
considerably in excess, It is usually stated at 4 for 
semicircles ; but we see, that in the most unfavour- 
able circumstances, it need not exceed + of the span, 
and may often be made much less. This, however, 
we state with limitation, referring to the height of 
pier above given ; for were the pier much higher, it 
must be made thicker; if the pier be infinitely high, 
the weight of the arch sinks into insignificance, and 
the thickness, =*/2#, which in the above arch'6 
feet thick is =243 feet nearly, and in general, if 


3 1 ; _ 
the thickness at crown = = of radius, then 2 t= 
Qr* 


2 


thickness = s / i, whence this rule for the 


thickness of a pier of infinite height. Find what 
part the thickness at crown’ is of the span, extract 
the square root, and multiply it by the span for the 
thickness; or thus, multiply the diameter by the 
thickness at crown, and extract the square root. 

One of the loftiest bridges with which we are ac- 
quainted is that of Alcantara, over. the Tagus, in 
Spain. It is stated by Don Antonio Ponz, in’ his 


2 : . 
= r=, that is, takingsthe span, m==2n, the 


Fiage d’ Espana, to consist of six arches, the two: 
largest 110 feet in span, the water at the lowest is. 


42 feet deep ; from the surface of which, to the be- 
ginning of the springing of the middle arches, 87 ; 
and from thence to the upper surface, 76; which, 
with the 4 feet anda half of parapet, make the 
whole 205 feet and a half, (more correctly, . 2092). 


Taking then the thickness at crown as equivalent to | 


16 feet, and the diameter 110, the thickness for an 
infinite height should be 42 feet. They are 38 in 
thickness, and 129 feet high. “Let us now try this 


thickness by the general formula given in the.earlier 


part of this Section. 

The lower or immersed. part 42 feet high, and 38 
broad, is 1596; but of this 2 are to be deducted on 
account of the immersion, leaving for that part 958. 
The pier from thence to the springing is 87 by 38, 
or 3306.. We must suppose such a pier built up be- 
tween the arches to at least 4 of the height, or about 
20 feet ; but on account of a set off which appears 
in the design, we shall. suppose the breadth still 38 
on.an average, which makes 760, and the whole pier 
5024, and its half is 2512. To this add 2 of the 
semi-arch ; say $ X 55 X 16=-660, and we have 3172. 
By this number let. us divide the product of the ho.~ 
rizontal thrust and height of ‘pier, that is, 16x55 
X 129113520; and we find about 36 feet, very near 
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Theory. the actual breadth. Are we to look upon this near 
wan coincidence as the effect of chance, of science, or the 
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stone, and especially cement, is a compressible sub- Theory. 
stance; and when an arch is very flat, a very small “vw 


‘habit of the builder? We rather think of the first. 

When the arch is a segment less than a semicircle, 
a greater thickness of pier becomes necessary. For 
the span continuing the same, we must either make 
the arch a part of a circle of greater radius, which 
would increase the horizontal thrust, or we must, in 
order to obviate that, diminish the thickness at the 
crown. In either case the weight of the arch is di- 
minished, and with it the assistance which it gives 
to the stability of the pier. 

Take a segment of 100 feet span and the versed 
sine 40, and suppose the pier 18 feet high, and the 
arch 6 feet thick in the crown, as in last example. 
The radius of this arch will be 51.25, and the thrust 
807.5. The.weight of this arch will be less than 
the former; let us take it at 110.0, and if the calcu- 
lation be completed, as in the first example, the thick- 
ness of pier will be found.==5.36 feet. 

But suppose the pier carried no higher than the 
spring and ring of archstones, six feet thick, firmly 
bonded into it. The half arch will be 443 cubic feet ; 
the thrust will remain as before; and from the formula 

PTT 
baal 2477] 
the pier 13.35 feet. 

And for a ring of stones 2 feet thick, we. have 
9.35 feet only. 

As another example, take a segment of 100 feet 
span with a rise of only 25 feet, or, in other. words, 
an arch of 120 degrees, let the height of the pier 
and vertical thickness be as before. The radius will 
be 654 feet, and the thrust, where the crown is 6 
feet thick, will be 393, taking the half arch at 775; 
we have for the pier 7.46, and a similar increase be- 
comes necessary in the other cases. 

If the versed sine of the same arch be reduced to 
10 feet, the radius is then 130 feet, and thrust 780, 
the arch being taken as every where 6 feet, we find 
very nearly 40 feet as the thickness of pier: it will 
be exactly 40 feet if a horizontal arch with joints 
drawn to a radius of 130 feet be introduced in its 
stead. The enormous thickness of pier which be- 
comes necessary for these flat segments, precludes, in 
a@ great measure, the possibility of employing them in 
practice ; and indeed we do know, that a horizon- 
tal arch of 100 feet must be, in a great measure, a 
visionary structure. 

There is an interesting subject of enquiry, which 
might not be unappropriately noticed here, we meanthe 
lowest versed sine that can be used for arches in pro- 
portion to the span. We conceive this, however, as 
in a great measure a practical question. We have al- 
ready given some idea of the greatest possible arch 
of stone or brick ; a segment oe that circle may, of 
course, be employed in any situation, but the piers 
(if the arch be of considerable span and height to the 
springing) must be made very great. Indeed the 
investigation depends intimately on the thickness of 
pe We ought to know the dimensions. of the 

rgest pier that can be trusted, and this, we con- 
ceive, depends chiefly on the care of the mason; for 


ee we have for the thickness of 


yielding at the springing produces an enormous de- 
pression at the crown, insomuch that there may be 
reason to dread, lest the arch pass down below the 
horizontal line, and fall to pieces before the stability 
of the abutments can be acted upon. A compression 
in the joints is equivalent to a yielding at the abut- 
ments, and appears equally difficult of remedy. 

In great horizontal thrusts, where the segment is 
flat, the immersion of the pier in water comes to have 
an important effect. On the weight of the pier, in 
those cases, the stability chiefly depends, and a de- 
duction from that of two fifths must be compensated 
by enlarging the thickness. For example, in the arch 
of 100 feet span, with 25 feet rise, and piers 20 feet 
high, the ring of stones of 3 feet at the crown may 
be set on a pier of 14 feet broad, taking the half 
arch at 180 feet. But if the pier be set in water to 
the springing, it will lose 2 of its weight; and its 
breadth must be increased nearly to 16§ feet ere it 
has the same degree of stability as before. The 
truth is, that in this case the stability derived from 
the pier itself is nearly as much as that derived from 
the arch, (conceiving this always concentrated in the 
middle of the half of the pier,) a diminution of 2 
from the pier, therefore is } of the whole, and must. 
be provided for by an increase of breadth, not just 
equal to }; for we must observe, that the stability 
derived from the arch is also increased thereby. 

But indeed the immersion of the pier, if it be very 
tall, that is, if the depth of water be great in propor- 
tion to the span, will demand attention, although the 
arch should not be very flat. In such a case, the 
stability arising from the pier is often as great as 
that which is derived from the weight of the arch. 
It.can seldom be greater, and consequently can sel- 
dom require an addition of more than one fifth of 
that breadth, which would be sufficient were there 
no. immersion. 

We might easily give a theorem for this in ree- 
tangular piers ; but it is hardly worth while; the 
effect of any addition is easily determined in the first 
formula, which we think, on the whole, although 
only tentative, the most convenient rule for the prac- 
titioner. 

But although the total immersion, even of a lofty: 
pier, will seldom require any great alteration in the 
thickness, there is yet another circumstance which 
well deserves attention. Bridges are often built, espe- 
cially in a tide-way, with the-arches springing. below. 
the high waters ; we have. in that case a diminution 
from the weight of the arch: itself, but unless the 
keystone be under water, the horizontal thrust is un- 
changed ; we must, accordingly, in our calculation, : 
make the same diminution for that part of the arch 
which is thus immersed, as we did in the above ex- 
ample for the piers. The result will oblige us still 
more to increase the. thickness.of pier. 

On the whole, we may conclude from this investi- 
gation respecting the piers, that. the increase. of 
breadth which maybe, and usually is given to the 


pier, is of much less importance, on account of the 


weight that is thereby gained, than by its increasing 
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expected. The éidé walls, or parapet, may be so Theory. 
formed, as not to admit the water to enter, at least ——-\—wet 


5¥0 


‘Wheory. the length of that arm of the lever, whereby the 


‘ony weight of the whole resists the effect of the horizon- 


tal thrust oversetting it. 

Instead, therefore, of building up the pier with 
perpendicular sides, we should think it more advisa- 
ble to. begin the foundation of the pier on a base 
much wider than usual, and from thence, by regular 
recesses, or otherwise, gradually to diminishit, until, at 
the springing of the arch, it does not exceed the depth 
of the two archstones, while the outline of the pier 
may be.a curve of any shape that is most pleasing. 
Many advantages would, in our opinion, be obtained 
by this.construction: the water way will be enlarged 5 
the pier equally strong ; the stability equally great, 
nay, much greater than usual; aad the chance of the 
foundations being hurt iv foods will be greatly di- 
rinished ; and all this with a smaller quantity of ma- 
térials, 

Before we take leave of the stability of piers, it 
will, be ;proper to request the reader’s attention a 
little longer to a case which we have hitherto but 
slightly-noticed, we mean when the waters come to en- 
croach on the crown of the arch. In this event, the 
stability arising from the arch-is diminished by the 
loss of weight in all that part which is immersed. 
The. horizontal force acts as before; it will be pro- 
pagated through the immersed archstones. The 
weight of the pier. is diminished by the.immersion. 
Alf this must be compensated by an increase of 
breadth in the pier. 

_ Suppose the waters to rise to the key-stone, the 
horizontal thrust is still unaltered, and is propagated 
as before ; the intermediate archstones, however, 
lose two-fifths of their weight, and, supposing them 
jointed to equilibration, they will all have a tendency 
to rise. and slide up. This is particularly the case with 
the. lower stones. of an arch with radial joints, for we 
know that these have such a tendency independent 
of this. What. therefore. is there to.prevent them? 
‘Their mutual friction, and the back or lateral pres- 
sure only. ‘Their friction, however, is now much di- 
minished, and so is -the weight of the backing, on 
account: of the immersion. : 


not with sufficient rapidity. The arch itself, we are 
sure, will not, for_it is all laid in mortar. Now, in 
the event of the arch being formed with open work: 
in the haunches, it will not, we think, be going too 
far to say, that there may be a point to which, if 
the waters arrive, the whole weight of the arch may 
be balanced by the hydrostatic pressure upon. the in~ 
trados; and in that case, it would be shoved.off in 
one mass by the pressure of the stream. ; 

This is by no means even an improbable supposi- 
tion, for the key-stone itself will begin to. move 
whenever. the.waters rise. one and a half times its 
thickness above the solid matter-at the crown ; and it 
will readily be granted, that .every other section is 
pressing strongly upwards by that time. It may, in- 
deed, be alleged, that the pressure of dead weight 
over them would keep them down long after that, 
and this we do not deny ; but the derangement which 
it is likely will have taken place among the Jower 
stones, by such a pressure acting from the points of 
the wedges, will, in all probability, be such as to 
render the destruction of the arch inevitable. 

For example, take a stone of a foot square, and 
4-feet-deep in the soffit, -near the springing ofan 
arch of 40 feet rise ; suppose the arch full, this stone 
is pressed back with the weight of 40 cubic’feet of 
water; that is, a force of four times its own weight, 
and asa similar force, though, gradually lessening, 
acts upon every other stone to the crown of the arch; 
it is, we think, very obvious, that their united effect 
is likely to'be of much more consequence than the 
thrust of the archstones. 

But we may find another opportunity for render- 
ing these motions ‘somewhat more precise, by sub- 
jecting the forces to calculation, when we come'to 
treat of CuLverTs; under Inuanp Navigation, the 
chief case where such a process‘is likely to occur ; and 
which; from that circumstance, require some peculiar 
maxims of construction. , 


Prate In drawing the limit of position for the joints to ‘Or THE FALL UNDER BripGes. 
LXXXI be equilibrated by friction, therefore, in Fig. 5. we 
Fig. 5. ought to diminish the lengths on the line, the key The-piers of a bridge form an obstacle in the way Of the fall 


section only excepted; and observe the effect on the 
position of the joints; the general effect will be; to 
make these joints-approach nearer to the vertical, or, 
in other words, to draw them to lower ‘centres.;. and; 
if we are so inclined to admit of the arches being 
flatter. segments, this observation is of use, and should 
be:attended to in the: formation of culverts, .&c. 
which are often glutted. = 7 
-Suppose, now, the waters to rise even higher than 
the keystone, the weight of the keystone. itself ‘be- 
ing diminished, the arch will be in the very same pre- 
dicament as if it were formed entirely of materiale of 
a smaller specific gravity than before, and its chief 
danger will arise from the transverse action of the 
‘stream tending to overset it. 
_ Whis will be the case when the water, having free 
ingress through the materials, or through the gut- 
ters of the bridge, rises as fast in the interior of the 
building as without. But this is not always to be 


of the waters, and will cause them to rise above the’ 
general level.. The same body of water which flows 
in the open channel must be conveyed through the 
openings of the bridge... 
is, the swifter must be the current. And this addi- 
tional swiftness is only to be produced by a descent 
from a greater height. Consequently, the water 


‘will accumulate above the obstruction, until it runs 


off as fast as it comes, or until the velocity in the 
contracted water-way be to that in the open channel, 
reciprocally as the relative sections of the stream. 
Granting that the velocities of the running water 
are such as would be produced by falling from a cer- 
tain height above the stream, a principle which is at 
any rate sufficiently just for our purpose, it follows 
that the fall, or accumulation’ produced by the ob- 
stacle, will be measured by the difference between 
the heights which would be requisite for producing 
the two velocities, viz. of the river in general, and. 


under 
bridges. 


The narrower that passage 


‘theoty. 


samt dameaeal 
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of the current just under the bridge. But if a body 
fall @ feet in a second of time, it acquires a velocity 
of 2a feet per second, and the heights are as the 
squares of the velocities ; wherefore, in order to pro- 
duce the velocity v, we must suppose a fall froma 
. vt vy} 

height = org 
ing that small fraction, whereby the fall of a heavy 
body in one second exceeds 16 feet. 


expressing v in feet, and neglect- 


But when water is forced from a larger channel 


through a smaller passage, it is observed, that the 
stream through this passageis contracted. Thiscon- 
traction has been vatiously stated. It is probable, that 
the ratio of the diameter of the contracted stream to 
that of the passage, is that of 4 to 5, or :8 to 1,: ac- 
cording to Bossut, Michelotti, and Venturi. 
Buat gives - 6 to 9, or .66¢ to 1. 
And Newton 21 to 25, or .84 to 1. 
Consequently, if ¢ express the breadth of the wa- 
ter-way between the piers, #c¢ is the water-way 
eontracted; take & the breadth of the channel, 
5b ae : 
fer8:: rid the velocity in the contraction ; 
and to produce this velocity, we need a height, or 
56 v|* 
fall, of 
a AG 
‘and the former, or that which 
5bol’ 


4.8.¢ 


~- 64, and the difference between that 


produces the original 
vy 


velocity v, will be aad the fall sought; or 


$11 
BOR NON ce, : : 
@ a will also be a theorem for: it, which 


may be thus expressed. 

Add one fourth to the breadth of the river, and di- 
vide the sum by the water-way under the arches; from. 
the square of the quotient subtract unity ; and multiply 
the remainder by the square of one eighth part of the 
mean velocity of the stream for the fats in feet. 

Upon this principle, the following Table is con- 
structed. It is not so complete as could be wished, 
for a great deal depends on the depth of the. river ; 
the effect of which is not so easily ascertained, and. 
the due consideration of it would extend-our investi- 
gations much further than the present subject would 
warrant. We may find another opportunity to com- 
municate some further researches: on this matter; 
and, in the mean time, what we give here will, we 
think, be of no small value to the engineer and 
practical bridge-builder. We have given a separate 
column for the usual designation of the stream, and. 
for the nature of the bottom, which will just bear 
the velocities expressed in the first column, that the 
use of the ‘Table may be extended and facilitated. 
For, by this means, a look at the bottonr will deter- 
mine the state and velocity of the river,, without the 
necessity of measuring it. We next give the head 


or fall produced by various obstructions, and the ve-- 
locity thereby acquired, from whence we are enubled: 


to form an idea of the action likely to take place up- 
onthe bottom, ~ ; 
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The rise of Water-produced by Obstructions to the Current, as square ended Piers, or abrupt Projections.. 


] 


Description of River. 


T 


“The bottom, Tr 


which just bears 


Per see. |P. hour. The current, 


Obstructions. 
r t | I I 
Yo | x | s [oo ae 


Head of water, and velocity. produced at the obstruction in feet. 


Ft. | In.] Miles,. {| usually termed | such velocities, | Head. ) Vel. | Head-| Vel. |) Head. | Vel. | Head. | Vel. |) Head.) Vel. 
Dull Ouse and mud | . : 85] .0010) .36} .0012| .37]) .0O17) .42 
Glidin g Soft clay .0036] .69}}..0041! .73]. 0049] .75}. .0069 83) 
Smooth Sand 0145] 1.39] .0162) 1.46; 0197) 1.5 |, 0276) 1.64 
Uniformtenors|Gravel 0580! 2.68]| .0650} 2.93]..0788} 3. L104! 3.33 
Ordi Pebbles -1462) 4.39) 17731 4.5 || 2484! 5. 
Freshes. Shivers and ; 
: )i. chingle -2600': 5.86} .21521 6. 44.16) 6.66 
. Extraor- } [Boulders and | ‘ = 
; _ dinary ‘soft schistus 4062 7.321 4925] 7.5 | 6900) 8,33 
VI. | 42, |}Floods (‘Stratified ot ee 
and rapids }/ rocks 8} .7092}.9. || .9936'10. 
x. 6,2, Torrentsand |Indurated | 
cataracts~ | rocks- 13.9 1.695 114.6 3.97 15... 12.76 


Ft, In. Miles. 
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The rise of Water prodacad by Obstructions to the Current, §e.—-Continued. 


Velocety. escriptzon of Rivers. : 
The bottom, 
which just bears 


such velocities, 


z= 


The current, 
usually termed, 


Per sec. |P. hour. 


Ouse and mud 
+  |Gliding Soft clay 
45 or 3$Smooth Sand 
14, Uniform tenors|Gravel 


t ?) [Pebbles 
aes i Shivers and 
<r chingle 
Boulders and 
soft schistus 
Floods Stratified 
and rapids }| rocks 
‘Torrents and |Indurated 
cataracts rocks 


{ Ordinary 
» Freshes 


.C Extraor- 
dinary 


We have already admitted, that this Table is in- 
complete, yet it will, in-all probability, answer many 
-useful purposes, The science of hydraulics is as yet 
so empirical, that we can seldom predict with cer- 
tainty what will be the result of a proposed combina- 
‘tion. It is probable-that the fall-or head, and con- 
sequently the velocity acquired, is always stated too 
high, at least in the earlier part of the Table. For 
the contraction of one fifth of the breadth, is nearly 
as much as is observed in a narrow pipe. We have, 
indeed, made no allowance.for the contraction or di- 
“minution of effect which maybe supposed to arise 
from the friction and other causes in the original bed 
of the river. Or, what is the same thing, the addi- 
tional head which is requisite to overcome this fric- 
tion, over and above that which is due to the assum- 
ed velocity of the stream. And again, the friction 
‘increasing under the piers, from the increased velocity 
‘of the stream, will require also an additional head of 
water to overcome it.- This, in ‘small velocities, and 


with small obstructions, is a very great part of the 


whole rise. Its proportion diminishes in the latter 
pi of our Table. So that, in all useful cases, it is 
ikely to-be nearly counterbalanced by the great rate 
of contraction we assume. _ 
. In order that the Table should be complete, we 
must divide it into two parts, one referring to the ve- 
locity, and the other to the difference of ‘level of the 
river’s surface, for a space equal to ‘the breadth of 
the bridge. The depth, too, isa material consideration 
in discovering the acquired velocity, But we do not 
see the importance of these minztice, for the requisite 
data are not to be obtained with similar exactness. 
As an example of the purposes to which: this Ta- 
ble may be applied, let us suppose that a bridge is to 
be built. over 4 river of 100 feet wide, the usual ve- 
locity of which is 3 feet per second, and, of course, 
the bed is in all likelihood composed chiefly of round 
pebbles. Let these pebbles and gravel be supposed 
to extend to the depth of 3 feet, and under that a 
stratum of fine firm clay. Let it be proposed to 
give the bridge a water-way of 75 feet, that is to say, 
two abutments projecting 44 feet each, and two 


Obstructions. 
Tet tT Tt 
Hiead of water, and velocity produced at the obstruction in feet. 
Head. { Vel. 


Head. | Vel- 
023} 1.75) 
1.661 .094! 2.5 
3.33] .875) 5. 

6.66) 1.500}L0. 

3.375) 


010} .83) 
039 
158 
632; 

1,422/10. 


2.528 6.00 


3.950} 9.375 


5.688) 13.5 


15.8 37.5 


piers of 8 feet thick each, a centre arch of 35 feet, 
and two side arches of 20 feet span each. It is only 
proposed to lay the foundations two feet below the 
bed, and to spring the centre arch 2 feet above the 
usual waters, giving it a rise of one-third of the span. 
Let us inquire whether such a structure is likely to 
-be durable. : 
From the Table it appears, that the obstruction 
being one-fourth, and velocity 3 feet, the head will 
be .2484, or about 3 inches, and is therefore not 
likely to encroach on the crown, But the velocity 
under the bridge will be 5 feet per second, and, of 


‘course, would require boulder stones or rock to 
-withstand it ; the gravel bed will therefore be cut up 
cander the bridge, and to a depth which, although 


not easily predicted, ‘is likely to be that which will 


make the area of the section of the current, allowing 
‘for contraction, as great as where the river is free. 


‘For this will restore the original velocity, and pre- 
vent farther damage, provided the pebbly stratum 
‘holds to that depth for should the strata below be 
tharder or coarser the damage will be less, and if soft- 
er the’contrary. 

Suppose, again, the depth of the river, in its usual 
tenors, to be 3 feet at the left, and 4 feet at the 
right pier. Nothing is more common than such a 
difference of depth; and it is to be observed, that, 
whatever may be the cause of the inequality, the 
erection of the bridge does little or nothing to re- 
move it. We may therefore suppose the inequality 
of depth as likely to continue, whatever other changes 
are produced. 


a . At left Pier. At right Pier 
Original depth in feet.... 3. 1.4. 


Increase for obstruction, $ . 1. .... 1.33 
Pore: > 4. §.33 
n ‘or contraction on the { 
above principle ..... { ag tes 
New depth being as required] , 
wee Bn 24 es OOS 
Deduct original depth ... 3. 2... 4 
Depth cut by the river, in feet 2... . 2.66 


Theory, 
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The depth ent in the uniform stratum will not, 


Sacny—— indeed, be quite so preat as this; for the matter ex- 


‘cavated will be thrown up as a bar across the river 
below the: bridge, and will add to the depth by 
heightening the surface of the water. 

The left pier, then, which is only founded two 
“feet under the bed, may stand well enough, but the 
right pier is in manifest danger, being undermined 
‘nearly eight inches. It must therefore be laid deep- 
er. It will not be safe, however, in proceeding 
deeper with the foundation, to expose the smallest 
part of the clay ; for that will move off with a less 
velocity of current than the gravel or pebbles, and 
the'pier will be still further endangered. Our Table 
shews us, that it will not bear one-third of the velo- 
‘city of this stream, and, consequently, runs the risk 
of being excavated to a great depth indeed. The 
only safety is in the gravel rolling into the hole thus 
formed, and ultimately stopping it, not, however, 
without leaving the pier in a dangerous situation. 

Suppose further, that the river is liable to floods, 
and that, from observations of its higher marks, it is 
thought that the channel may be in that case 200 
‘feet wide and 6 feet deep, and the progress of the 
-freshes about 34 miles per hour. What will be the 
consequence of such an accident happening after the 
muee is built over it? - a; 

If we take the depth of the river at 6 feet on an 
average, the water-way uuder the bridge is only 3, 
and it is probable that the diminution of depth to- 
wards:the shores will-be made up by a greater depth 
in the channel, suppose 9 feet: This would encroach 
on the crown, and place the bridge in a still more 
dangerous predicament. - Yet- adhering to the sup- 
position of an obstruction of $, we find, that for a 
velocity of 5 feet (3-4-miles), the head is 3.950, or 
-about 4 feet, and the acquired velocity. 16%. feet . per 
second, ‘This will produce an absolute cataract, and 
will sweep out stones, gravel, and clay, to such 2 
-depth, if continued even for a short time, as will un- 
doubtedly destroy the structure. A pavement, or 
even an inverted arch, will be an. ineffectual preventa- 
tive, in a case like thjs. But that we may see the 
result more distinctly, 
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Let us state the general depth-. ...... =6 
Add for obstruction $or ....... z 3.75 
9.75 
For contraction or... see ee eee . 2,44 
12.19 
This gives the depth under the bridge when 
the general velocity is restored, viz. 5 feet. 
Add 2 to bring it to tenor velocity. ..... g.09 
Tt will cut in the pebbles till the depth is . . 20,28 
. But there isonly ..... bee eee - 9 
So that it cuts below the bed ...... .. - 11,28 


But as there is only 3 feet of pebbles, it passes to the 
clay ; and as this will not bear more than 4 of the 
common velocity, the river will cut in it until the 
depth be 60.84, which is far below any security that 
can be given to the structure, without a total change 
of the foundation. 

. We assumed, for the breadth of the actual water- 
way in the above Table, a rate of contraction, which 
is much the same as that observed in the diameter of 
a jet from an orifice in a thin plate. . This may be 
going too far, but.we think it advisable to keep the 
builder on thesafe side of the limits of peace: 
Square ended piers, and abrupt projections, are likely 
to produce as great a degree of contraction, especial- 
ly when the river runs in floods, the only case that is 
particularly deserving of attention. - 

But the discharge through the arches will be ma- 
terially improved, by forming the piers with pointed 
sterlings, and otherwise adapting them to the figure 
of the stream. In rivers; where the arches are wide 
in comparison of the depth of water, the contraction 
does not appear to amount to a fourth of the above, 
or one twentieth of the whole water-way. And in 
this, we are confirmed by the experiments of Eytel- 
wein and Bossut. The former of whom states the 
contraction, in such a case as this, to be from 8.02 
to 7.7, or nearly 3. ve : 

We have, therefore, calculated the following Table 
upon the principle of a contraction of 34, ; and con- 
ceive, ‘that when circumstances are most favourable, 
allowing for the additional friction caused by the ob- 
struction, &c. it will be found to come exceedingly 
near the truth. 


The Rise of Water produced by Obstructions to the Current, when formed to diminish Contraction, as 
Piers with pointed Sterlings, &c. 


Velocity. escreptzon of River. 


The Bottom, | 
which just bears } 
‘such velocities | 
Dull Ouse and mud 
- |Gliding Soft clay 

‘Smooth Sand 
Uniform tenors ae 

: Pebbles. 
\ ora? t Shivers-and 
) Freshes., : 
" chingle 
Boulders and 
soft schistus ||. 
‘Floods — { Stratified 
.Candrapids } | rocks 
'Torrents‘and |Indurated | 
cataracts rocks 


VOL. IV. PART I. 


5 | The Current 
| usually termed, 


Extraor- 
‘) dmary ° 


I 
ig Tz 


4550/11.36|.564011.66/.6900)12.0 |.9100)12.60]1. 


j Obstructions. 
lox i 4 | os 


ers 


3 p 
Head of water, and. velocity produced at the obstruction in teet. 


7.20|,3276) 7.56). 


3T 


3.15. ——~ 
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ane amas Fhe Rise of Water produced by Obstructions to the Current, &c.—Continued. med 
~ Velocity. Description of River. : Oberon 2 i we 
a otes Se j Zz + e 
Per SeelP -Hour.| The Current ae panes Ss -! water, aa velocity produced at the obstruction in feet, 
Ft In! Miles. unuslly termed such velocities | Head. | Vel. ; Head. ’ Vel. Head. | Vel. Head. | Vel. 
| 394 | .068) 2.1 
tor3| § {Dull Ouse and mud 894 0038] 52} .0067)_.7 068 
for6| £ Gliding — |Soft clay 787} 0138! 1.05) .0267| 1.4 274 42 
I.  E£ or Smooth Sand | 1.578 || 0582} 2.1 |) .1069) 2.8 1.086} 8.4 
II. | 14 {Uniformtenors\Gravel 12.75 |) .2198| 4.2 | 4276) 5.6 4.344/16.8 
: Pebbles 4,395 || .4788; 6.3 || .9621) 8.4) 2. 9.774195.2 
Iii. Qe Ordinary Siivena-ad ‘ i | ‘ 
IV. | Sx [') Freshes 4) chingle 5.5 | aig) 8.4 | 1.710411.2 | 17.37683.6 
V. 38 Extraor- 7} |Boulders and : 
ay dinary soft schistus 7.875 (1.3200 10.5 2.6725}14.0 27.150149, 
VI. 44, Floods Stratified . i a 
bit andrapids }} rocks 9.45 jwss 12:6 || 9.8484116.8 | 39.096)50.4 
x. 6, iTorrents and {Indurated : . - ae 
" Weataracts | rocks .. (2.9100/15.75 |'s.990 (21. {10.69 |28. 108.6 | {g4. 


By the help of this Table, we may see the effects 
likely to be produced in rivers by’ the usual acci- 


ly one-fourth of th 
reduced by the drip shot piles, which have beer dti-. 
ven into the bed-to protect the foundations. The ve- 

locity of the stréam above the bridge is 3 feet 2 inches, . 
which, by this Table, would give a head of 2.6 feet, 

and by the former one 4 feet. We cannot suppose. 
these piles to take off less than,one-fifth of the wa- 
ter-way, which would make the head 4.31 by this 

Table. But probably the contraction is greater than 

this Table. supposes,. coming. nearer that. assumed in- 
the former, (which would have given us a head of 
almost 6 feet,) since a fall of 4 feet 9 inches was ob- 

served. about the year 1730.; and. the-excavation: had 
become so very dangerous, as to suggest the mea- 

sureof cutting out one of the piers of the bridge, 

aad throwing two arches into one. 

‘The fall ‘at’ Blackfriars will be somewhat less 
than at Westnginster, but will not’ exceed one inch, 
Tn the same example, as before tried, this Table af- 
fords the following results : : as 


Ist, The Bridge in common, Waters. 


‘Original depth ...... 2 34 4 
Obstruction} «s+ e.0.-]1 2, 1.33 
a ere 
Contraction yo eee eee Bae ee 2G 
4,2 5.6 
Original depth ......6. 8 A 
. Depth cut by the river... 12.6..16 
So that the piers are safe in common waters. 
2d, Fhe Bridge in Floods. 
General depth oo esse e ee eee 6! 
Add for obstruction.s, or... 1.046 SV75: 
9.75 
Contraction 3, ..... ede ete dee a s+ 487 
Depth when general velocity restored 
viz, 5 feet persecond....... "g 9187 
Add to bring it to terfor velocity ... 6.092 
The pebbly stratum will be cut until 15.93 
the depthis..........., fs 
But there isonly 20... .e eae 
-There will be cut below the:béd .... 6.23. 


Now, since the pebbles extend only to three feet, - 


. the waters pass to the clay, which bears only one= 


_ therefore cannot. stand, in such. floods as. this. 
‘pose, then, that it be proposed to make a total change 


third of this velocity, and would therefore require a 
depth.of 45.69, or 6.69:below the bed: The bridge 
Sup- 


of foundation, as, by paving all across the river; or 


sae any similar operation, referring to the Table with an 
ie ea of 4, and velocity 5 feet,. we find -the 


BRIDGE. &15 


Theory. lead produced is 2.6725, and velocity 14 feet per the world; give the modern engineer only a sure ‘Theory. 
e-y~~’ second, which would require a bottom as firm as so- foundation, he will raise a structure as durable as the ““~v—™ 


lid rock. With good workmanship, however, the 
pavement would stand a considerable time, especially 
if the joints were so carefully closed that water could 
not readily penetrate, and work out the finer mate- 
rials in which the pavement was bedded: For, al- 
though the water passes through the areh with this 
great rapidity, yet the general river being in a diffe- 
rent train, and running with a much smaller velocity, 
will not bring along with it much heavier materials 
than the gravel and pebbles of the bed, and these 
will not be very. injurious to the artificial bed at the 
bridge: For we are of opinion, that it is by no means 
the action of the water, but rather the attrition, or 
battering and rubbing of the boulderstones, gravel, 
and sand, brought down by it, that renders the hard- 
est rock liable to be cut up by the force of a swift 
running stream, It is, nevertheless, extremely. dif- 
ficult so to secure a pavement, or inverted arch, in a 
river, that the water will not ultimately carry it 
away, even when the river does not run foul in its 
freshes. The great velocity which has beea commu- 
nicated to the river, cannot be supposed instanta- 
neously to change upon passing the obstruction. 
Instead of that, we see a swift current shooting along 
in the line of the arches for a great way below the 
bridge, while powerful eddies run up in the line of 
the piers, casting up at length banks or shoals behind 
them, which tend, in their turn, to strengthen and 
prolong the original current and eddy. Whatever 

ains, therefore, we take to secure the pavement or 
inverted arch, thigstrong current must cut up and carry 
away the materials of the bed behind them; an ope- 
ration which, if once begun, must constantly go on 
with increasing force. The water will have a fall 


materials of which it is composed. 


Or rue STERLINGS on ExTREMITIES OF THE Peers. 


The reader must before this have seen, that there Of the 
would be a great impropriety in forming the ends of sterlings. 


our piers into planes at right angles to the stream ; 
the water which is thereby shot off abruptly to each 
side, obstructs the general current by contracting the 
section, makes an increase of velocity necessary, which 
at the same time increases the action on the bottom, 
and hastens the downfall of the structure. 

The bridge-builder, therefore, has in all ages en- 
deavoured to obviate or diminish this contraction, by 
building projecting sterlings, or breakwaters, towards 
the stream, with the intention, as it were, of splitting 
the current, and conveying the waters more quietly 
under .the arches. Those which point down the 
stream in rivers without reflux, were at first perhaps 
built only for the sake of uniformity ; for although 
probably little less important than the other, they do 
not, as they are generally formed, seem calculated to 
serve any good purpose. 

The form of the sterling has given rise to some 
discussion, and bridge builders do not yet seem agreed 
on what is the best. For the most part, they 
have been formed into an isosceles right angled tri- 
angle in the horizontal plan, having the right angle 
facing the stream; from a notion, perhaps pretty 
general among workmen, that this is of all angles the 
strongest. The projecting edge rises perpendicularly 
till above the surface of the water, and the spring of 
the arch ; what is higher being merely matter of or- 
nament, need not be mentioned here. At other times, 


the plans of these cutwaters or sterlings have been Prare 
formed into two arches, of 60° each, described from LXXXI. 
the two angles of the pier, into a semicircle, or semi- Fig: 7. 


over the lowerend of the pavement, and will gradually 
wash out the foundation of the outer course of 


stones, which being immersed in water, will not be 
difficult to move. A few stones dropping out will 
add to the power of the stream, by roughening the 
bottom. Course will loosen after course, until the 
whole presents only a loose mass, ready to be torn 
up and swept away by the first ensuing flood in the 
river. 

We could wish that what we-have said here may 
induce persons’ properly qualified to turn their at- 
tention to the subject. ‘We are convinced it is one 
of the most important departments of the art of 
bridge-building. Mathematicians have bestowed much 
time and pains on the equilibration of archee,—a 
matter about which the common bridge-builder sel- 
dom seems very solicitous. We have seen that, in 
reality, the usual speculations of that kind have hither- 
to led to no one useful practical result. Nay, -if the 
deductions of the theory were to be followed too im- 
plicitly, they may lead, as in the case of the catenaria, 
and even the flat arch, to“the proposing of weak- 
ness instead of strength, and craziness instead of sta- 
bility. at ; 
But the security of the foundation is ‘that about 


ellipse, on the conjugate; or into other and probably 
fanciful figures, asin Fig.y7. Nor are these different 
methods without their advocates. Thus it is said 
for the right angle, that it divides the stream best, and 
amore acute angle would be too weak; that.the semi- 
circle and semiellipse, are best calculated to resist the 
shock of a loaded barge, or the like ; and the Gothic 
intersecting arches, combine in some degree the ad- 
vantages of both. But it is evident, we think, that 
if there be any form, which really deserves a prefer- 
ence over all others, it must be that which is adapted 
to the figure of the contracted stream; and which 
delivers the water in such a manner, ‘as totally to fill 
the breadth of the archway. Unfortunately, how- 
ever, our notions of the motions of fluids, are yet so 
far from being precise, that it is a matter of no small 
difficulty to discover what figure is best adapted to 
the purpose in view. 

That we may have the clearer conception of this 
matter, let us attend a little to the way in which a 
fluid in motion may be supposed to act upon any 
obstacle. : 


‘The particle moving in the direction EF (Fig. 8.) Peate 
would strike the pier with the whole of its force, if LXXX- 
the end of the pier was in the line AC; and the num- Fig. 8. 
ber of these particles will be as AD ;. but when the 
end is formed into the triangle ABC,.the effect of 


which the- practical man is, with reason, most so+ 
licitous. He knows that it demands his greatest care. 
Ani error in that is irremediable, and there it is that 
his work generally fails. Give the ancient mechani- 
cian only.a place to stand on, and he would have moved 
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each particle on the plane AB is diminished in the end AB, CD of the pier, and whether the first la. Theory... 
proportion of the sine of its incidence EFB; and the miua of particles act by impulsion or not,—for this ——~v—~ 


ele direction BD, or parallel to the axis, will be found ther and another succeed, until at length they con- 
Fig. 7, by still further diminishing it, in the ratia of the sine _ stitute a plate or film ab BA, or cd DC, possessed of 
of obliquity. In the common case then, when the the properties of a fluid. This film will have had 
length of the pier is in‘the line of the stream, the re- its direct motion destroyed by collision with the flat 
sistance of the pier will be as the square of the sine end of the pier. It cannot flow back, for it is stopped 
of incidence, or. it will be inversely as the square of by the adjoinmg and following waters. Let us sup- 
the length of the face AB of the pier, that being a pose it, for a moment, to be stationary. The second 
straight line. Otherwise, if EF represent the abso- film now comes on, and being hindered from passing 
lute force of any particle, draw the perpendiculars up to the pier by the first film, ad BA, can produce 
FG, EG, and GH, then FG exhibits the impulse nothing like impulsion upon the pier, but it will pro- 
perpendicular. to the force AB, and FH the effect of pagate its force through the fluid film, in the: way in 
that. impulse.in the direction of the axis BD; where, which’ only a force 1s propagated through fluids ; 
by the way, it may be observed, that if the angles that is in every direction. ‘The pier, therefore, will 
DAB and DBA be equal, that is, if ABC be a receive the impression of the second film unimpaired, 
right angle, then are FG and GE equal, also FH but in the way of a pressure only, not as an impul- 
and HE; so that the absolute impulse on the sides sion. tg 
of a rectangular wedge is just half the impulse on its In the mean time, the first film which is com» 
base. We. might pursue this mode of reasoning pressed between the pier, and the second. film ade 
much further. We should, find among other things, vancing, and the waters.of which cannot as yet.move 
-that the absolute impulse on right lined triangles, is off sidewise, being opposed by the other parts of the 
less than on any curvilineal figure; that the impulse stream, hitherto supposed to be at the same level, 
on cylinders, or the front of half cylinders, is just must obey the hydrosiatical law, and yield to the 
two, thirds of the direct impulse on the base; that impression received, by its waters rising upwards, 
in all other curves, the nearer they approach to the the only way iu which they are free to move. There 
right lined triangle, the less is the impulse upon will be an accumulation C ef immediately before the 
them.; and it is sufficiently evident, that the impulse pier. ‘The second film will also be raised upon the 
will be always the less the more acute we make the same principle, but not so much ; the third will he. 
vertex of that triangle, that-is, the greater projection, somewhat less than the second, and so on. . 
and the sharper a point we give to the pier. . Now, it is evident, that the superficial waters of : 
This is. the way in which De la Hire, Emerson,  this-accumulation being so much higher than the rest 
and other writers, have treated the subject. They give of the stream, must tend to slide oft on all sides. This.. 
equations expressing the properties of different forms _ sliding off will cast them down in inclination towards 
of sterlings; the whole being derived from the common _ the edges, and of course the greatest elevation will 
theories of the resistance of fluids, conceiving the be just inthe middle between A and B. At the same 
impulsion of the panticles of the fluid to be the same _ time, the same pressure which produces this.accumur 
as in the collision of, hard bodies in free space. lation, or, if it may be so considered, the very .accu- 
But it is needless to follow this theory much fur- mulation. itself will propagate, in every. direction, 
ther. Weare convinced that it is founded altogether through that film, a corresponding pressure. This . 
upon an improper assumption; and, at any rate, itis will enable the waters of the film to escape at each . 
of small importance to the point.in question. Wethink side, by pressing transversely on the passing current, 
it:may.even reasonably. be doubted, whether the best No water could so escape without such an accumula, 
form of the sterling be merely that-which gives least tion as we speak of ; for the passing stream, being | 
resistance to'the stream, Should we not rather enr otherwise at the same level, would react.with an equal « 
quire after that which guides with most effect.the wa- pressure. : 
ter under: the arches, and prevents the dangerous ac, The notion, therefore, of the particles of water be- 
tion on. the foundation? At. all events, we cannot ing reflected as in the collision of bodiesin free space, .. 
concede, that the mode of action of the particles of cannot be entertained. Speculations founded upon . 
water is the same which the above theory supposes, that principle leave out the most remarkable feature 
and which is commonly.employed by writers.on this of the case, viz. the fluidity of the water. Yet a trify 
subject. [t would lead us into too wide a digression, ling attention to that circumstance, ,renders. the. nos 
to state the reasons which. may be given.against.this tions throughout the whole process. much more fa- 
doctrine of impulsion ; besides, we shall have another miliar. We have established the fact of the accu- 
opportunity of considering the subject more at length. mulation. of the fluid immediately-in front of the pier, . 
See Hypropynamies. -, Itis evident-that no force whatever can be. propaga- 
We shall, therefore, at-present, only. exhibit,.in a ted through the. fluid, without such an -accumula- 
familiar way, the notion we have of.the.real-action of tion ;. we may. therefore consider at once the accumu- 
a fluid in motion, which, although it may.be more ation as the cause, mark, and measure of every subs 
difficult to adapt to the precision of mathematical sequent. modification of the. passing stream, and we 
‘reasoning, will, we are. convinced, be of-more value will find it fully equal to the explanation of, all,the 
to the practical builder, in. giving him.clear concep phenomena. . gta) S 
Prare ‘tions of the.actions against which. he is to provide. .. Of the film of. water -in. the immediate neighbour- 
Exxxi, Let ad BA, Fig. 9. anded DC, Fig..10. be athin hood of. the pier, every:part.is urged . laterally with 
Fig. 9,10. film of water, which has advanced. against the flat the same force, viz. the excess of pressure produced 


action on the face being given, the effect of it in the 


is not a place for metaphysical discussion,—let ano- 
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Theory. by the accumulation.. And; upon the supposition and the last film; but the deflection cannot be so Theory. 
In Seem amend 


weny~—~ that all the water of the passing stream proceeds pret, because the accumulation is not so great. 


with the same velocity, which, by the way, is not 
strictly true, we might conclude that the deflection 
produced at the shoulder of the pier is the same at 
any depth. Now this deflection will have sume pro- 
portion-to the velocity of the stream. It evidently 
depeuds on the rapidity of the current. In the lan- 
guage of mathematicians, it will be a function of that 
velocity. Suppose, for a moment, that the velocity 
of the lateral discharge at the shoulder of the pier 
be equal’to that of the current, it is plain that these 
wat-rs, with those which are immediately contiguous 
in the stream, moving parallel to the side of the pier, 
would be projected in. .he diagonal of a-square which 
had the side of the pier as its side.. In that case we 
must suppose a certain space: immediately behind the 
shoulder of the pier to be void of water; and at the 
same time, this sort of repulsion will produce a head 
of water,. or accumulation in the stream, immediate- 
ly beyond that void space. This accumulation will 
be propagated from the shoulder of the pier, as a 
centre across the arch, at the same time it will be 
carried down the stream ; and accordingly, we do 
always see a wave, which proceeds from each ster- 
ling or abutment of an arch, and which meet perhaps 
a considerable: way below the bridge: but, at the 
same time, and what is of more importance, the wa- 
ters, which are, as it were, projected from the shoul- 
der of the pier, are not at liberty to proceed in that 
direction ; having on one side the void space above 
mentioned, they are repelled on the other, by the la- 
teral and hydrostatic pressure of the general mass. 
This will, of course, act perpendicularly to their 
direction, and produce ultimately a sort of gyration 
or revolution. The superficial waters will likewise 
tend to run over and descend into the void; as they 
descend, they are exposed with the lower waters, to 
the lateral pressure of a greater depth; the gyration 
will become more rapid in descending ; andits radius of 
‘curvature shorter.’ The void will assume the appear- 
ance of a-hollow cone, the apex pointing downwards. 
The descending water will at length strike the bot- 
tom, and be reflected upwards; the motion of the 
apex will still be the most rapid, and will thereby 
produce that boiling appearance which we generally 
sée towards the tail of the pier, and for a good way 
below the bridge. The general current is no sort of 
obstruction to this reflection from the bottom; it is 
perpendicular to its direction, and therefore neither 
helps nor hinders.it, but it is the cause why the vor- 
tex is at first elongated in the direction of the stream, 
and why, after ‘eficction from the bottom, it reap- 
pears considerably below the place of its original 
formation. 

We have as yet taken into consideration the effect 
only of that. film which hes in the immediate neigh- 
bourhood of ,the pier, and assuming it to pass la- 
terally with.a velocity equal to that of the general 
current ; -we-have supposed that the primary deflec- 
tion will be. at-an- angle -of 45°, but the second, 
third, &c. films, whieh are in the front of. that, 
will have a similar lateral discharge, and will there- 
fore. have. deflected a part of the waters.of the 
general current, before they have reached the pier 


act, the first deflection is in a manner nothing. It 

is anascent quantity ; but each succeeding film having. 
some room made for it by the deflection produced by 
the former, will be broader than it, measuring across 
the current, and will in its turn add a little to the 
former deflection ; yet so, that the ultimate breadth 
can hardly be much greater than that of the pier, 
let the deflection be what it may. 

All this while we are speaking of a square ended 
pier; and it is now clear, that the water which lies in 
a manner stagnated before it, is bounded on the 
plan by two curve lines,- which have their convexity 
turned towards the axis of the pier, and are of course 
concave on the outside, If this, therefore, be the 
most advisable form of the sterlings of piers, it is, 
in all probability, different from any that have ever 
yet been constructed. Before, however, going fur- 
ther, we may observe, that the water in the front of 
the pier is by no means stagnant; passing in the di- 
rection of the stream, every film has a arate velo» 
city than the succeeding ; it has to supply not only 
its own waste by the lateral discharge, but that of all 
the succeeding, or rather, perhaps, its own waste, in 
passing through all the succeeding stages.. At the 
commencement of the accumulation and -deflection; 
the direction, as well as the velocity, is, in fact, that 
of the stream at the pier; the velocity in the direc. 
tion of the stream. vanishes,. for the whole is des- 
flected. . 

We conceive, thérefore, although with great dif’. 
fidence, that it is with impropriety, Newton has said; 
that the motions are the same as if a certain part of 
the water in front’ of the pier or obstruction were 
frozen, and he conceives this part toend in a point. 
No part of the water which is before the. pier is per~ 
fectly stagnant, and it can therefore by no means be 
considered as frozen, neither can that portion of the 
water be supposed to come to a point; for, if we 
take, as the quantity of current intercepted by any 
pier, to the lateral discharge at the shoulder, so the 
breadth of the pier to a fourth proportional, it is 
plain that, roundly speaking, we have the distance 
on each side of the axis, to which this water extends, 
at that part of the stream where it may be supposed. 
to be confounded with the general current ; and this 
breadth must be something, since the discharge. is 
something.. , 

Giving up then the idea of making a sterling, or 
point to our pier, which shall be the same as the 
water that is supposed to stagnate before it, wé think 
the best thing that can be done is to offer some max- 
ims of construction, which, though they do not con- 
stitute a complete rule for the perfect formation of 
sterlings, will yet serve to improve the practice of 
the bridge builder, and preserve him from falling into 
gross and dangerous errors. 

. Its evident that all abrupt angles at the junction 
of the sterling with the pier are to be. avoided : this: 
part should be neatly and regularly rounded away, so 
as to prevent the gyration.above alluded to, by giving 
the figure of the incipient. part of the curve to the 
shoulder of the pier. . Neither do we approve of the 
parallelism of the sides of the pier. .A small convexity 
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lings will appear stout, curved buttresses, or as it Theory. 
were knees, to support the lofty side-walls; and by “tyr 
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Theory. might be given them with much advantage; and with- 
Som out adding to the trouble of erection. 


Tt were perhaps to be wished, that in the horizon- 
tal section of the curved part of the sterling, it should 
have a contrary flexnre, so as to make the point of 
it, by being as sharp as possible, turn aside the waters 
with the greater ease; but this is attended with a 
manifest disadvantage, The point will then be liable 
to damage, and the most trivial variation in the thread 
of the stream, would produce in an increased degree 
all those gyrations we wanted to avoid; such points 
too, in navigable rivers, would be fatal to loaded craft. 
But while we do not attempt to give this acuteness 
to the pier in the horizontal section, we may acquire 
it with great facility in the longitudinal or vertical sec- 
tion. For that purpose, the lower courses should be 
made gradually to project before the upper, and if the 
formation of the pier admits of it, they may also be 
made to project on the sides; but care should be 
taken in so doing to attend to the rules we have 
formerly given for its stability, and not uselessly to 
increase the mass of the pier. As we descend, how- 
ever, the courses of the sterling should become more 
‘acute, and project further up the stream, and thus the 
pier may be supposed ultimately to end ina mere 
point. In short, the figure of a pier, or sterling of 
this kind, will have a considerable resemblance to the 
sock of a plough,—-au instrument which, in its appli- 
cation, has a considerable analogy with the sterling. 
It may be asked, whether these projecting courses 
should be left by the mason in steps, or trimmed 
away to a regular curve surface? We conceive, that 
there are good reasons for choosing to leave them in 
steps. For, independent of the. saving of labour; 
when the current has any obliquity to the direction 
of the pier, it will flow over the acute point of the 
sterling, and being reflected by these steps, will be in 
a gréat measure prevented from injuring the bottom. 
The safety, however, of craft would seem to make it 
proper to round away the fore corners of the courses. 

As to the point of the pier down the stream, its 
figure must, for the sake of uniformity, be assimi- 
lated to the other. It were well if we could in this 
ease apply the contrary flexure above mentioned. 
The same difficulties are not to be dreaded; and al- 
though it may uot be easy or agreeable to form it 
in the horizontal section, yet, by prolonging the tail 
down the stream further than usual, we will virtual- 
ly obtain the same thing. The tail of the pier is of 
less consequence to the stability of a bridge, though 
it may certainly becontrived so as to facilitate the 
transmission of the water. Bridges seldom fail on 
that side; and as they are usually constructed, there 
is an eddy below the pier, which, although it ob- 
structs the current, and injures the bottom, yet casts 
up a shoal below each pier that serves to protect the 
foundations of the building. 

Bridges built in the way we have now mentioned, 
will appear greatly stronger than those of the-usual 
construction; and. they will really be so. Indepen. 
dent of their power of preventing the action on the 
foundation at the shoulder of the pier, which we 
have shewn in an early. part of this section to be the 
principal cause of the decay of bridges, these ster- 


expanding the lower courses of the arch, advantage 
may be taken of the increased base, to cast the vault 
into a kind of groin, and thus give a greater degree 
of transyerse strength to the whole structure. 

This idea of extending the lower courses of the 
pier, and breaking, as it were, by degrees, the force 
of the current, is not new, and we do not give itassuch, 
It may be seen with various degrees of perfection in 
many ancient and modern structures, particularly in 
the celebrated Pont St Esprit over the Rhone, which 
probably owes in a great measure its endurance to 
that expedient. But we wish merely to bring back 
to the builder, a principle which, in modern times, 
seems too often ta have been lost sight of, and which 
was, no doubt, originally the result of a successful 
experience. ; 

When necessity obliges us to form a bridge ata 
considerable obliquity to the current of a river, a 
danger is thereby incurred of producing a gyration 
on the lee-bow of the piers, which will be attended 
with all the evil consequences we have already ex- 
plained. The obstruction to the current may be pre- 
sumed to vary with the cosine of the angle of ob- 
liquity, and consequently the additional head must 
be as the versed sine of that angle. Butif the sides of 
the river be parallel straight lines, the water-way under 
the bridge will just increase as the secant of the angle 
of obliquity, or inversely as the cosine. This will 
just counterbalance the obstruction caused by de- 
flecting the current, leaving only the reaction of the 
bank, and the weather-side of each pier against the 
stream, to produce the deflection. There will be an 
accumulation on the one side of each arch therefore, 
and a depression on the other; while a strong gyra- 
tion will take place on one of the shoulders ‘of each 
pier, and which is likely to be attended with much 
danger. The water-way of the arch too is likely to. 
be much contracted by this cause. All these appear- 
ances frequently occur, although the bridge appears 
to pass directly across the stream; because in such 
a case the bridge: has been designed for the low wa- 
ters, whereas the stream, when in flood, may have a 
very different direction. The course of the river 
therefore, above the bridge, should be carefully at- 
tended to, especially when the waters are high, and 
either corrected, or the position of the bridge adapt- 
ed to it. 

The effect of the gyration at the shoulder of the 
piers is curious; and, as it is one of the chief causes 
of their destruction, it is well deserving of attention. 
The beds of all rivers are porous, and will therefore 
be glutted with water; which again is everywhere 
pressed by the whole depth in the river: but at the 
shoulder of the pier there is a void, so that the bot- 
tom at that spot will not have the same vertical pres- 
sure that there is every where round it. Water will 


‘therefore rise out of the bottom at that place, like a 


spring or fountain, and.so much the more forcibly ae 
the void is deeper. Or, if prevented from issuing, it 
will exert a strong pressure upwards, upon whatever 
forms. the bottom of the void. Now, this void be- 
ing sometimes even four or five feet degp, we need 


Theory. 
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arches are built, are, in many cases, objects of great. Theory, 
anxiety to the builder: they form one of the most “vw 


not be in the least surprised, that not only gravel 


tony and shiver, but even large stones, are lifted in it, and 


shoved away by the vertical motion. 
For these, and other reasons, it is difficult to as- 


certain the exact amount of the obstruction caused: 


by obliquity. Like every other department of our 
inquiry connected with hydraulic principles, experi- 
ments are yet wanting to assist us in making this a 
subject of calculation. ; 

Pied: therefore, of occupying the reader’s time 
with a mathematical discussion, from which, at pre- 
sent, little benefit can be derived, we conceived it 
better to offer a few practical remarks on the me- 
thods by which the chief difficulties of such a case 
may be obviated. 

With this view we will venture to recommend, 
that whatever the position of the bridge may be with 
respect to the stream, the lengthway of the piers 
and abutments should coincide with the direction of 
the current as nearly as may be. 


viation is perfectly practicable. We have formerly 


shewn, that the position of the joints of the arch: 


inay be varied, perhaps 30° from that of equilibra- 
tion, before any slide is thereby produced among 
the archstones: we surely have the same liberty 
here, and this even when the coursing joints are ho- 
rizontal. ; 

This advantage of friction may be even improved 
by dowelling or other means, if thought beneficial. 
But if the coursing-joints, instead of being made ho- 
rizontal, be formed at right-angles to the side of the 
bridge, we have the very same advantages that would 
be obtained were the bridge perfectly direct. 

Did the subject admit of it, we would here give 
the theory of those arches which are not straight on 
the ground-plan, as the arched top of a bow-window,, 
and the like, some of which afford pretty examples 
of the application of the principles of equilibration, 
and all of which, by means of the gravity, friction, 
or cohesion of their parts, admit to a-certain extent 
of being steadily and solidly constructed. But we 
shall, at another opportunity, take up this subject, 
and, in the meantime, we hasten to other matters more 
intimately connected with our present inquiries. 

The centres or framings of carpentry;.on which the 


A considerable de-- 
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beautiful applications of the science of Canpentry. 
But as the principles upon which the more difficult 
kinds are designed will not be clearly understood,. 
without entering into more detail than. is consistent 
with our present subject, we shall only offer in this 
article some of the.most approved designs, and re- 
fer the reader for their explanation and discussion. 
of their comparative merits until we come to treat of 
CARPENTRY. 

To the same place we shall also refer the. subject 
of wooden and iron bridges, which intimately de- 
pend on the same science ; their statical equilibrium 
admitting of the introduction of a principle essen-- 
tially different from those employed in erections of 
stone. ; ~~ S 

The side-walls and wing-walls of bridges consti- 
tute a part not the least important of our subject.: 
They have, especially the latter, to resist the pres- 
sure of a mass of earth behind them, forming the 
roadway up to the haunches of the bridge.. Little. 
has been written upon this subject in our language, 
and that little has been of no practical benefit. Mul- 
ler and some others give us a few theorems respect- 
ing the thickness of the revetements in fortifications. 
Some of our elementary writers inquire a little into 
the same subject, as one case of the application of 
the doctrine of the centre of gravity. Their results, 
in almost every case, give -a much greater thickness 
for walls of this kind, than is ever found necessary 
in practice. There can be no doubt that some prine 
ciple must be overlocked in these. investigations, 
which has a material effect in their application. We 
cannot say that the inquiries of Belidor, reckoned 
one of the first of scientific engineers, have been 
more successful. In another part of this work we 
shall offer a theory of retaining walls, in general 
founded upon principles that are perhaps new, and 
that has been confirmed by the results of experi- 
ment. This theory has been found to agree with 
the ideas of practical men. It is eapable of appli- 
cation to all cases of the kind, and :it comprehends, 
them all, But in this place it would be embracing 
too large a field to bring it forward. (a. N.) 


BRIDGE BUILDING. 


Part Ii. PRACTICE OF 


ractice of Wirz regard to the practice of bridge building, the 5. The Spandrels and. wings.. Practice of 
Practi . reg P 8 g P 8 ; 
Bridge Chief objects may be arranged as follows: 6. The Parapets, Bridge 
Building. ; 4. The Roadway. Building. 
oe Sgcr. I, . 


Seer. FE. 
On the Stluaiton, Design, and Materials. 
ok The situation is generally determined by local’ on the 
circunistances, in.a town by streets, and’ in the coun- situation 
try. by the roads adjacent. If the bridge is of a great of bridges. 
size, or the foundations difficult, it is frequéntly ad- 
‘ visable to choose. the most favourable situation for 
the bridge, even at the expence of charging the ap- 
proaches. It is absolutely necessary that the access. 


1. The situation. 
2. The design, 
3. The materials. . 


1. The foundations. 
2. The. Piers and: abutments. 
3. The Centres: 

4.. The Arches. 
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Practice. be commodious, but where practicable, from the ap- When these-steps have been taken, and the nature Practice, 
“——ry~=—" proaches being in a curve, the general outlines ofa of the materials ascertained, the engineer has obtain- “““v~—~ 


Designs for 


bridges. 


bridge are seen to most advantage. The situation 
should-be thesen where the river runs in.a straight 
course for a considerable way above it, and where the 
channel rather contracts at some little distance below. 
The direction of the bridge should form a right an- 
gle with that of the river above it. Rock should, if 
possible, be obtained for thé foundations of the abut- 


ed sufficient data to enable him to makea suitable de- 
sign. We shall at present: confine ourselves to- bridges 
constructed with stone, 
The leading objects in forming a design are, 
Ist, The passage for the water under the bridge. 
2d, The making a perfect roadway over it: And, 
3d, The decorations. 


ments and piers; next to rock hard clay, or clay J. The number and dimensions of the arches must Passage 
mixed with gravel, or otherwise firm gravel; but depend onthe breadth of the river, the nature of the for the 
water, 


loose gravél, mud, or quicksands, are .to be avoided 
as much as possible. 

.2. When the situation has been determined,.a map 
or plan should be made of the channel of the river 
and adjacent banks, also of the streets or-roads-which 
are to be connected with each end of the bridge. 
There-should likewise be asection shewing the breadth 


of-the bed of the river, and the form-of the banks on. 


each side. Upon this.section should be marked the 
lines of high and low-water, to. be determined by the 
marks of the greatest floods, and the best information 
which.can be procured from the oldest inhabitants, 
and’ most observing people in the neighbourhood. 
The consistence of the bed-should also be.ascertained, 
by boring -with properly constructed augers, especi- 
ally.in the scite of the abutments, piers, and wing 
walls. There should likewise be.a longitudinal sec- 
tion, shewing the declivity of the bed of the river, for 

_ at least: 200 yards above and below. the proposed si- 
tuation. 


Breadth/Span of} 


foundations, the height of the banks, and the -quality 
of the materials to be used. If the foundations are 
good, the banks high, the stone hard, and to be pro- 
cured of proper dimensions, large arches will be found 
advisable ; if the reverse.is the case, the size of the 
arches must be diminished, and their number increa- 
sed; if more arches than one are required, their num- 
ber should be odd, in order that there may be an arch 
in. the middle of the river: the middle arch should 
be.the dargest, and those on each side should dimi- 
nish, so that.their springing remaining the same, their 
tops.may- form.a declivity of about 1 in 24. When 
piers are placed in a river, the breadth between the 
abutments should be.made greater than the natural 
breadth of the channel at that place, by about dou- 
ble the thickness of all the piers. Where the bed of 
the river is soft or loose, the increased width must be 
considerably more. In proportioning the thickness of 
the piers to the span.of thearches, great latitude hasbeen 
taken, as will appear from the following statement : 


of piers.larches. ; Engineers, 
5 | 33 inthe bridge at Rimini. 
Roman. © | 11 | 25 | assevscreredOcsscenere VICENZA, i Unknown. 
BB | 110 | crcssneseese do.......Alcantara. 
‘Middle ages. 2 oe) | 418 sa Brothers of the Bridge.: 
44] 96 a sa ha 
ig as i oe Mansard. 
: 10 aietes Hupeau, 
aeicats 14 | 128 | sesrersoesdO.ssorveee Neil. Pevauee 
- 17 | 76 eeedOssrereee Westminster. Labelye, 
; 20 } 100 «da, Blackfriars. © Mylne. 
18 | 77 we Perth, | - ‘Smeaton. 
14} 90 Dunkeld. Telford. 
At present. TZ | 72 | ssscarseredOssseeseee Kelso, Rennie. 
B |. 65 | ssscessvseedOcsvereee Conon. Telford. 
B |} GO | rcccosenee! DO sssorecee Bewdley. Telford. 


“From this statement it will be-perceived, that the 
yproportion -has been varied from‘nearly one half to 
-one ninth part of the span. As this important object 
has been discussed at length, when treating of the 

principles, it is only necessary here to observe, that 
the thickness-of the piers, besides the span and shape 
-ef the.arch, is affected by its rise, and in no inconsi- 
derable degree by their own altitude, and the quality 
_of the stone of which they are constructed ; it is de- 
‘sirable, in order to lessen the obstruction te the water- 
way, to make the ee as thin as prudence will ad- 
emit. ' The shape o 

-be calculated, to.form as perfect a:water-way as pos- 


the piers and arches should also — 


‘sible ; and on this account, all-recesses and side prox 


-jections, within reach of the water, should be avoided, 


and the connections of the abutments with the banks 
should be formed on the same principles, 

2. If the bridge consists only of one small arch, 
and there is little intercourse, the toad-way may be 
narrow and without footpaths ; if the bridge is long, 
and there is much intercourse, the breadth must be 
increased, and have proper footpaths. Since wheel 
carriages have been in general use, few bridges, how- 
ever small or remote from towns; have been made less 
than fifteen feet in breadth over the parapets ; they 
are more generally made from 18 to 20 feet, in or 


Road-way: 
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‘Practice. “near to considerable towns, from 26 to 30; and in 


re where exposed to be alternately wet and dry, is most Prattice. 
ony or near large cities, they are made from 80 to 50 


durable ; and next to it are pitch, pine, and fir grown ye 


ate the situation and accompanyments, Inthe country, For receiving thrusts, forming supports, or dowelling 

the utmost simplicity, consistent with distinguishing stones, cast iron isthe most proper. : 
the essential parts, should‘ze preserved ; and even in With regard to stones for the piers, abutments, 
the most splendid cities, or adjacent to palaces, all arch-stones, and parapets, no pains should be spared’ 
decorations should be kept perfectly subservient to, to procure the best which can be obtained at a rea- 
and in unison with, the essential parts: the neglect sonableexpense. They should be of a quality not to be 
of this is a frequent error in designing bridges. Ce- decomposed by the operations of the atmosphere, and 
jumns and entablatures, though proper in.a Grecian they should not be intersected-by cross seams. Where 
temple, are ill suited to an edifice, where forms un- the quarry produces them with flat beds, much labour 
known to the Greeks are the leading features. As is saved; but when they are laminated, great care 
columns can only be placed over the piers and abut- must be taken to have them laid on their natural beds. 
ments, the entablature, intended to represent beamsof Their dimensions must, of course, be regulated by the 
timber, cannot be supposed to be wholly upheld b magnitude of the work in which they are to be em- 
supports placed at such great distances from each ployed. If new quarries are to be opened, experienced 
other. And the introduction of columns, in placeof workmen should carefully examine their quality ; and 
carrying up the piers, deprives the superstructure of specimens of the stone should be exposed forat least one 
powerful buttresses in situations where they would winter and summer, in situations similar to that where 
prove very beneficial, The affectation of preserving they are to be used: experiments should also be made. 
the entablature upon a perfect level, hasled to making to prove their consistence. For the spandrels, wing 
the roadway along the bridge also level, which 13 walls, and backing, inferior stones may answer ; but 
nothing less than constructing, at a vast expense, a they should be such as can be laid with proper bond, 
piece of road more imperfect than what is formed by and in regular courses. Those used on the external 
the common labourer in the open country; and be- faces must be fit to withstand the effects of the wea- 
sides, this mode of construction gives an-appearance of ther: they should correspond with those of the piers 
feebleness to the outlines of the bridge. This false and arches as to colour; and if regularly squared, 
taste was introduced by some of the French engi- should be brought from the same quarry, though 

neers, and has of late been, in some instances, copied they may be of smaller dimensions. 

in Britain. ‘It cannot be too early reprobated, because . _ .In procuring lime for mortar, it is of great impor- 
bridges, when substantially constructed, remain for tance that it will set or indurate under water ; .and 
many ages, and are not easily altered. where immediately exposed to agitated water, the 
_ In making out the design, the engineer should fur- , outer edge of the joints should be laid with the Bri- 
nish a plan, shewing the form and dimensions of the ish cement, discovered by Mr Parker, which in a 
foundations of the piers, abutments, wing walls, and . few minutes becomes sufficiently hard... Where these 
wharf walls connected with the bridge ; an elevation cannot be procured, recourse must be had-to substi- 
shewing the general facade; also vertical, longitudinal, tutes: Burnt and pounded iron stone, scales from an 
and cross sections, shewing the construction of the inte- -iron forge, hard barnt tiles ground and mixed with 
rior parts. In large bridges, there should be a plan or quick lime, all became hard under water, and in damp 
horizontal section taken at about one third .way up situations. In all cases, clean,.sharp, or angular sand, 
the rise of the arches, in order'to shew the mode of is a necessary ingredient; and in rubble work it is 
filling up the spandrels. There should likewise be a. better for being very coarse, or approximating to 
plan of the roadway, footpaths, and parapets; besides clean small gravel. In making mortar, we have 
separate drawings of all those parts which cannot be known great advantage derived from using . water 
made sufficiently distinct in the -general: drawings. which contained a solution of iron, and was of a dark 
A. specification should likewise be added, describing reddish colour, approaching: to black, which is fre- 
in words, the quality and dimensions.of every part quently. found adjacent to peat mosses. The lime 
of the work, and the form and manner.of its.construc- should be-used when fresh slacked, and be well beaten, 

tion. or made with a machine called a mortar mill, 
. In using sand, Vitruvius very judiciously ‘makes a 
3. MATERIALS. . distinction between sea or river, and pit sand ; of the 
former he-allows two, and-three of the latter, to one 

Materials. 


feet. The roadway should have a declivity from the 
middle of the length each way towards and beyond 
the abutments, of about 1 in 245 and the roadway, as 
well as the footpaths and parapets, should, near their 
extremities, diverge, to suit the approaches, whether 
one or more, at each end of the bridge. 

3. The decorations should be varied, according to 


The materials consist of timber and iron for piles, 
cofferdams, caissons, scaffolding, and. centres; of 
stone, lime, and sand for the masonry; also gravel 
for embanking at the ends, and forming. the roadway 
over the bridge. 

Of timber, oak is the most generally useful, and 

“VOL. IV. PART IL 


from the seed. Under low water, elm is very suitable; 
it does not easily split, and is very durable : indeed, in 
this latter situation any timber is sufficiently durable. 
For gangways, scaffolding, and centers, sound fir tim- 
ber of natural growth is the fittest ; it should be 
free of knots and sap. In ties, bolts, and nails, mal- 
leable iron, made from wood charcoal, should-be used: 


of lime in powder. Dr Higgins, who made many 


-experiments, and published a treatise upon calcareous 


cements, recommends (by weight) one of lime to 
eight of sand. Loriot, in describing what he con- 
ceives-the secret of the ancients, mixes a portion.of: 


_unslacked lime ground to a powder, with the mortar 
v 


3 
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Practice... which, ‘has ‘previously been made up in heaps in the 
—yw-= common way. In the specification for the Pont. 
Royal des Thuilleries, by Mansard, and which seems 
to have served’as a-model in France, it is provided, 
that all the mortar of lime and cement, for the work 
under water, shall be composed of five parts, three of 
which shall be of good cément of tile; not bricks, 
and two of lime of Melun, well ground, or pounded 
together. ‘For the common mortar, two-of lime and. 
three of sand, The Sieur Gabriel directs the same 
preparations for the bridge of Blois, Perronet, for 
the bridge of Neuilly, directs that the cement mortar 
shall -be equal quantities of ground tiles from St Ger- 
main, or St Cloud, and lime; observing that this, on 
account of the quality of the lime, exceeds by 4, the 
usual quantity employed in this sort of mortar. Of 
the other, or white mortar, he directs one third of 
slatked lime, and two thirds of sand. In the account 
of building the Eddystone light-house, Mr Smeaton 
gives a chapter upon water cements, from which we 
shall.extract a few particulars ; and earnestly recom- 
niend those who: :wish to be fully informed on this 
point, to peruse. with attention the whole of that va- 
luable chapter, | : 
Mr Smeaton found, in many parts of England, 
limestone which produced lime, that when made into 
mortar grew hard under water. The best kind was at 
Aberthaw, in the Welsh side of the Bristol channel. 
He found the stone of Watchet, a small'sea port in 
Somersetshire, had long been used.in water works : 
it did not suit the purposes of agriculture. He traced 


Water lime with puzzolano. 


--} Eddystone mortar. . 
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the same sort of stone through the counties of Mon- Practice, 
mouth, Gloucester, Worcester; and Leicester, and aye 
thence by the vale of Belvoir into -Nottingham, and 
Lincolnhire, at a place called Long Benmgton: he 

found it also inthe :counties of Dorset, Hants, Sus- 

sex, and Surrey. It has also long been procured in 
Lancashire, under the name of Sutten lime. 

After mentioning the shape, appearance; and qua- 
lities of the sundry stones, he concludes, that as this 
gort of limestone is found, blue, grey, yellow, and 
white, also in thin strata and lumpish masses, some- 
times. very. hard. and: soréetimes comparatively soft ; 
that its fitness does not depend upon those appear- 
ances and qualities, neither does. it upon the matrix 
in which it is formed. But he found, that when 
burnt, all the water limes fell into a butf-coloured 
tinge, and all contained a. considerable portion of 
clay. hs 

: He found once a reddish coarse deep brown sand 
stone, of. a somewhat tender nature, which ‘when 
burnt, pounded and sifted, and mixed with slacked 
lime, and.made into a ball, became very hard. ‘ 

He states, that limestone in-general loses about ¢ 
of its weight by burning ; that slacked lime produces 
double the measure of the burnt stone or shells ; that 
when.made into a paste, it occupies but half the space 
of the powder; that:-two measures of slacked lime 
made into a paste, and mixed with: one measure of 
terras or puzzolano, makes about 1,4 of mortar.— 
The following Table is the result of his observations, 
experiments, and practice. , 


Lime 
powder. 


Puzzo- Common) No. of cubic 
feet, 


ano. .| sand. 


i Bushels. Bushels. Bushels. 


Pia te te tee Fa eRe Beaute ee 2 2. — 
Stone mortar . oe. eee ee ee nebher ie ares, fr ee oc aac seco Bo ji) eek 1 
Do Od s0rt: 6-8 8 be ete ee eg eer ee 2 1 9g 
Face mortar. 2. 20.1 we cee ee seth race gh a 2 1 3 
Do 2d sort . wee ese ee erteh aes ar ete ue : 2 OE 3 
Backing mortar... 6 oe ee ee eee . 2 0 ~ 
Water lime with ninion. i : Minion. 
Face mortars 2... cee ec. eae a Ss jas acaba 2. 2. 1 
0 Calder composition . .°. ee Usixe a aesape 1b #0 os 2 ] 2 
Backing mortar. 2... ee ee rari ‘ 2: | OF 3 
Do Od Ort: soe ac eee ta: Medi 8 SERS, ara &. 4 2. ot 8 
eee 
~ Common lime with terras. Terras. 
Terras mortar,.....-. dagbinsiiy eee he ig eae gf aes 2. 1 — 1.67. 
increased... . we ee om enim f : 2 ‘9 I 2.50 
further... 05... oieatiss State at Side aue Wa Q. 1. 2 3.45 
still further 20.05. ...20.- ws ene wee ° 9 1 8 435° 
5 | Lerras:backing mortar. ....... wie anaietece @ ese Satie ase. OL 8 3.50 
see Za SOR side Sei ee aids Oke wee eK 2. “OF 1° 8 3.37 
- Common lime with minion. am oe Minion. 
’ E Ordinary face mortar. 2.6. wee cee ee eee ce Qf: 20 2 2.75 - 
reek ore Qd sort... eee eee ee ee PGE] ET. Pg 4.34: 
Ordinary backing mortar. 6... ose eceeeee e ee ewe | Q 02 8 4.05 ° 
; ao hee ee ee ee ee ee ee ORF Bes 3.92 
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Various are the schemes which have been résorted Practice. 


He observes upon this Table, that. these materials 


wey are all supposed in the dry state: That-the lime 


Feunda- 
tions. 


and puzzolano must be thrown into the measure or 
vessel with the same degree of force. 


He denominates minion to be what falls from the’ 


outside of the lumps of iron stone. - 

He allows the day’s work of a man for beating every 
bushel of terras ; that is, two bushels of lime powder 
and one ‘bushel of terras. The bushel is the Win-- 
chester level with the border, He allows iron forge 
scales, when sifted clean from dirt and clay, as equal 
to as much terras or puzzolano. 

‘His mode of working is “ to mix the due propor- 
tion of the lime and the puzzolano, the terras or the 
minion, together in dry -powdér; and it will also be: 
well to have at least one third of the sand -(cither fine: 
or coarse), likewise dry ; put as much water to the 


lime as, with a shovel or beater, you can bring it to a: 


paste of a moderate consistence, but rather more wet 


than to be properly used as mortarin that state ; then: 


by degrees beat in thé moist sand, and afterwards the 


dry, bringing it to a consistence by beating after- 


every addition. The dry sand is intended to: dry up 
the superfluous moisture, so as to render the mortar 


fit for immediate use ; and if this has not brought it- 


to a sufficient stiffness, let it lie till it is‘inclined to 
set, and then beat it up to a due consistence; or if 


immediately wanted, beat in a little dry lime powder, : 


always however faithfully remembering not to termi- 


nate beating till the mass has got all tle toughiness' 


that you find it will acquire-by- beating.” 

In Scotland, most of the limes harden under water: 
that from Lord Elgin’s great lime works on the river 
Forth, from Portsoy on the Murray coast, and from 
the island of Lismore, in-the Linnhe loch on the west 
coast. :.the last is'the best, it slacks into a buff colour. 
Mr Telford discovered its qualities when searching 
for matérials for the western district of the Cale- 


donian:canal, by observing in a park wall, belonging: 


to the Marquis of ‘T'weeddale,. built against spongy 
ground, and where water oozed through, that the 
mortar was’ hardest,. and threw out. stalactites ;- also 
that. it was quite perfect on the top of the wall, where 
worked among small stones, - without coping of. any 
sort. 


Sect. It. 


On’ the Foundations, Piers, Abuimenis, Centrés, 
Arches, Spandrels, Parapets, and Roadway. 


~The situation, general design, and materials having 
been determined, the next stép is to prepare the 
foundations ; and if the water is shallow and’ upon 
rock, or other niatter sufficiently firm, the operation’ 
are very simple; nothing being necessary. but to turn 
the water, by means of a mound’ of clay, from the 
space to be occupied: by the abutments and piers suc- 
cessively, to clear and level the, ground, and’ to’ pro- 
ceed -with the masonry :. But when‘the water is deep, 
and the foundation soft mud or sarid, or loose gravel;. 
the difficulties frequently require all the art of the 
most‘experienced engineers. Even when the founda- 
tion is ‘clay’or rock, if -the water is deep, and the 
currents: from: -tides or -land- floods -considerable, few 
operations require mote talents or attention. — 
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to, in order to avoid or lessen the difficulties attending’ “v7” 


the laying the foundations of bridges. 1. A situa- 
tion has been chosen in the bend of the river, to 
which, after the bridgé was constructed, a new ri- 
ver course his been cut. 2. A side channel has beer 
formed, by which the whole, or greatest part of the 
water, has been drawn off during the time the foun- 
dations were put in the old-river course ; and the 
water, so drawn off, was afterwards returned ‘to its 
original channel. 3. Mill weirs on’ the river, below 
the proposed situation, have had their sluices drawn, 
or have been partly removed foratime. 4. And 
when there happened to be no weirs, the bed of thé 
river has been deepened, for a considerable distance; 
in order to lower the water at the intended scite.: 

.When the depth of the water has been reduced as 
much as-possible, it remains to be determined in what 
manner to proceed. Anciently, {as in the case of 
London bridge,) in deép rivers, the foundations of 
the piers were made by merely driving piles all over 
the space, so that their heads stood level with low 
water; the spaces betweén them were filled with. 
loose stones, and the masonry begun upon the top of 
them; but the piers were immense masses, and re- 
quired to be protected by sterling’s; which, leaving 
a very confined water-way, created a head and ve- 
locity which tore away the bed of. the river imme=. 
diately below the piers. This mode having been long’ 
disused, we shall- proceed ta consider, 

Ist, Batterdeaux, or Cofferdams;. and, 

Qdly,, Caissons., 

Both methods have been employed - with, success :: 
Thé greatest of the modern bridges in France, that is. 
to say; Orleans and Neuilly, were constructed by’ 
means, of the former; whereas, in England, the- 
bridges at-Westminster and Blackfriars. were a¢com- 
plished by the latter mode. 


Or CorFrerpamMs. 


We shall first describe ‘the measures pursued” both’ o¢ comer 
in Frahce’and Britain, in'working’ by means of bat:-dams. 


terdeaux or cofférdams. 

The forms of these are varied according to local 
circumstances, and the ingenuity of the persons who 
have the direction of the work.. 

1. By driving two. rows of vertical piles and: plank 
piles, and filling the space between them with’ clay... 

2. By driving main pilés, and working with strong 
planking, laid in a horizontal position, = 

3. By driving one row of guaging piles, and filling: 
the spaces betwéen them’ with pile planks’driven ver- 
tically. , 

- The most eminent French bridge engineers, viz. 
Mansard; -Sieur Gabriel, Gautitr, Hupeau’ and Per- 
ronet; in‘ constructing’ their greatest ‘bridges with 
cofferdams, directed piles, from nine to ten inches dia- 
meter, to be placed from three to four feet from cen- 
tre to centre, -and ‘driven froti-three to” six-feet into. 
the bed of the river, Gf composed of ‘mtd; clay; or- 
gravel,) and'to rise (in their’ rivers) six feet above 
low water mark: Their pile planks: weré. nine to 
twelve inches broad, and four inches thick; one 
frame contained 16 of these pile- planks, which“were 


BRIDGE 
fixed by pins ‘or bolts; the spaces in this grating Practice: 
were cleared out for 18 inches in depth, and filled ““w—™ 
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Practice. driven at one time ; these frames were placed along, 
“——~-~_ and embraced three of the main or guide -piles, and 


were composed of: two uprights, of the same thick- 
ness as the pile, planks, each sharpened at one end; 
these uprights were fastened together’ by two hori- 
zontal pieces one below,<and the other above, and 
separated by the thickness of the uprights ;‘these 
frames being fixed, served to. guide the pile planks-; 
the grooves were two to three inches wide, and two 
inches-deep.; the shape of the groove was sometimes 
_yectangular, and sometimes ‘triangular; and some- 
times a groove was made in each plank, .and a slip 
or tongue driven down. The distance between these 
two rows of piles, to receive the clay, &c. they made 
in still water to be equal to the depth of the water 
to be sustained ; in running water, once and a half 
that height is recommended : The two rows were kept 
together by two tiers of ties, six inches square. 
.At Orleans, the two rows were driven ten feet 
apart from centre to centre ; the piles were from 18 
to 24 feet long, and nine to ten inches diameter 
without.the bark; they were shod with iron, each 
shoe. weighed 20lbs.: The pile planks were 18 to 21 
feet long, nine to ten inches broad, and four inches 
thick ; each shoe’weighed 8lbs. The rams for. driv- 
ing the piles were.about 1200lbs. ; those for the pile 
planks 500 to 600Ibs. At Neuilly, the piles were 
22 to 24 feet long; nine to ten inches diameter, in- 
cluding the bark ; they were driven six feet into the 
earth. The pile planks were 21 feet long, and four 
inches thick, driven six feet, by rams of fou 600 to 
900Ibs. 
. When these two rows of piles and pile-planks were 
‘driyen and -secured by ties. six inches square, the 
space bétween them was cleared: of stones: and gra- 


-vel down to the firm ground, by rakes and sppons,. 


and then filled up with clay or earth, which excluded 
water. This being accomplished, hydraulic machines 
were established to lift the water from the inside of 
the cofferdam ; these were pumps worked by men or 
horses. At Neuilly, water-wheels upon the Seine 
. worked -bucket-wheels, which threw up the water 
from 10 to 12 feet. After the water was pumped 
‘out, and the stones and gravel removed, Gautier, af- 
ter-having levelled the ground, laid down a grating, 
consisting. of timbers, of 10 to.15 inches diameter, 
‘with openings of two feet, to two feet. and a half 
square, and drove two piles in each opening... Hu- 


peau and Perronet, after clearing the space within. 


the cofferdam, drove piles. at the distance of three 


to four feet from centre. to centre; these piles are. 


from 12 to 20 feet in length, and 12 inches. mean 
‘diameter:without the bark; their shoes weighed, in- 


cluding branches and nails, from 13 to 25lbs. They 


were driven with rams of 1000, 1181, 1384, and 
L98llbs. until they. did not :sink two lines by the 
last sixteen strokes, after a continuation of thirty 
strokes ;or until they did not sink two lines with 


twenty-five strokes, and received ten strokes after-. 


wards. ‘They began by driving the piles next the 
centre of the space, and finished with the outer rows.. 
After the piles were driven, and, with the exception 
of the tenons, cat off nearly Jevel with the ground, 


caps were. morticed upon them, and upon these, 


along each row of piles, beams, 12 inches by. 8; were 


up with rubble masonry, laid in lime mortar, which 
grew hard under water ; this was brought up level. 
with the top of the grating; thin planking, four 
inches in thickness,, was laid over the whole space, 
and-pinnéd or spiked down to the grating; this plat- 


form extended seven feet beyond the face of the’ 


masonry of the shaft of the piers and face of the 


abutments. Upon this platform, the first course of. 


the -masonry was laid. . 


If the ground proved firm and water-tight,. this, 
process, although ‘Jaborious, was.regular and _ plain 5° 
but as the French engineers inclosed very large; 
spaces around their masonry, great inconvenience: 


frequently arose from imperfections in so extended a 
cofferdam, and sometimes from springs supplied from 
higher grounds rising within the enclosed space. 
From circumstances of this nature, in one of the 
abutments at Orleans, frequent interruptions took 


place; they were forced to subdivide the enclosed. 


space ; and, at last, after having discovered the pre-. 


cise Situation of the springs, to raise them by tubes, 


so as to discharge the water made by them above the, 
level of the water of the river. . It is, therefore, ad- - 


visable, in order to avoid expence in the construc- 
tion and after risk, to enclose the smallest space pos- 
sible. Round the edge of the platform, they. some- 
times drove a row of pile planking, or laid a bed of 
dry rubble stones, about six feet wide, and about 
two to three feet deep. For Neuilly cofferdam, see 
Plate XCV. 

. The foundations of many bridges in England have 
been Jaid by means of cofferdams, so nearly. similar 
to those which have just been described, that noti- 
cing them here would 
shall therefore proceed to the second mode... 

_ 2. In constructing a bridge upon the river Severn, 
at Bewdley, in Worcestershire, designed by. Mr T'el- 
ford, and executed under his direction, Mr John 
Simpson.of Shrewsbury, (who built the bridge by 


contract, ) constructed a cofferdam, which answered. 


the purpose perfectly well. Here the low water was 


lead us into repetition: :: We: 


‘Pate. 


XCV. 


five.feet in depth, for 7 feet more there was gravel - 


and rubbish, and under that a sand stone rock. The 
floods rose about 10 feet. In Plate XCVI., Figs. 
1, 2, 3, the plan, section, and side view, will shew 
distinctly the manner in which the cofferdam. was 
constructed. The chief peculiarity is, that the sides 


Pratt 
CVI... 
Figs 1, 2, 


and ends were formed on the shore, by laying the . 


planking horizontally along upright piles, and dow- 
elling them together; they were then floated off, 
fixed against main piles previously driven, and there 
secured by cross braces. About five feet without 
these a similar inclosure was. made, and the two: secu- 
red together by iron barsin the middle of the height, 
and wooden braces at the top.. The. space between 
them was filled with clay in the usual way. Before 
the space for the foundation of the masonry could be 
wholly cleared down to the rock, it was found neces- 
sary to put down some small piles along the edge of 
the gravel, next to the outer edge of the stone work, 
In the same Plate,. Figs. 4,.5 represent the plan 
and section of a cofferdam, used in under buildin 
one of the piers, and also the eastern abutment of Pul- 
3 


Figs, 4, 5. 
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practice. teney bridge, in the city of Bath. The operations 
\wempmeet here were rendered peculiarly difficult, by several pre- 


Pirate 
XCVITL 
Fig. 1. 


vious ineffectual attempts ; they were at last success- 
fully accomplished by Messrs Simpson and Cargill, 
employed for that purpose by Mr Telford. This 
work much exceeded in difficulry those in Langue- 
doc, so minutely described by M. Gautier, the French 
engineer, as very extraordinary efforts of art. 

"3. A still simpler mode of constructing cofferdams 


‘has been practised in Britain: that is, by driving 


guaging piles, about 12 inches square, at the distance 
of about 10 feet from each other, and about 5 feet 
from the edge of the intended platform, They are 
driven from 5 to 7 feet into the bed of the river, so 
as to be about 3 or 4 feet below the level of the plat- 
form, and rise about 3 feet above low water. They 
are grooved to receive the pile planks, and a leading 
beam, 6 inches by 9 inches, 1s fixed about a foot below 
their top on’ the inside. These beams are notched on 
the guaging piles, so that their outer edge is in a line 
with the inside of the groove for the pile planks. 
The whole of the pile planks, which fill a space be- 
tween the guaging piles, are entered together, and 
the middle pile has a wedge-form narrowest at the bat- 
tom. The pile planks receive a few strokes alter- 
nately, so as all to be driven nearly together, while 
the middle one wedges the whole, and makes the 
joints water tight. They are driven about three feet 
below the platform, and the whole properly braced. 
The water being pumped out, and the ground cleared, 
piles are driven about two feet and a half distant from 
centre to centre, over the whole foundation ; those 
near the middle being driven 7 feet 6 inches below 
the platform, and 8 inches diameter; those next the 
outside 9 feet long, and 10 inches diameter. Imme- 
diately under the outer edge of the platform, grooved 


guaging piles are driven about nine feet distant from 
‘ centre to centre, and nine feet indepth. Nearly in the 


same range with these, common round piles are also 
driven. Wpon the latter, a leading beam, 12 by 8 
inches, is fixed, which also embraces the guaging piles, 
and guides the pile planks which were driven around 
the platform.. The bearing piles may be considered 
as,sufficiently driven, when by 30 blows of a proper 
ram they: are not.driven one inch, and 40 blows for 
driving the sheeting piles the same distance. See Plate 


XCVII. Fig. 1. Along the top of each second row” 


of piles, under the body of the pier, a beam, 12 by 6 


- inches, is laid, reaching quite across, and dovetailed 


into the beams which surround the platform. The 
spaces between the bearns are filled up with masonry. 
Upon this platform the regular courses of masonry 
are laid. p : 

In whatever manner the cofferdams are construct- 
ed, there should be means provided'to discharge the 
water near the level of low water of the river, instead 
of raising it-always over the top of the cofferdam ; 
and there should also be a sluice near the level of the 
bed of the river, to fill the cofferdam in case'of any 


‘defect appearing in the dam, or any risk of: a flood 


rushing In too hastily. 


~ Or Carssons. 


Ofcaissons, With regard to laying foundations by means of 
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caissons, this mode was first practised in England Practice. 
by that able engineer Mr Labelye, at Westminster “w=” 


bridge. In the sequel of a brief report relative to this 
work, (edition 1751,) he announced an intention of 
publishing a larger report, with plans and designs, cal- 
culations and details. ‘This, however, never appear- 
ed; but most of the essential materials have been pre- 
served by Mr Thomas Gayfere, a venerable old gen- 
tleman, aged 90, now living in Abingdon-street, West- 
minster. He was senior apprentice to Mr Jelf, the 
mason first employed on Westminster bridge, and was 
specially appointed to make working plans and mo- 
dels, and to be attendant on Mr Labelye’s own di- . 
rections; and when Mr Tufnell succeeded Mr Jelf, 
Mr Gayfere was continued in the same capacity till 
the bridge was finished. From his manuscript narra- 
tive and drawings, which he has allowed.to be in 
part copied for this work, will be seen the injustice 
to which engineers subject themselves, by not ‘pub- 
lishing their designs,—most of Labelye’s inventions 
having been copied, without acknowledgment, by 
others, who have since constructed large bridges, and 
to whom they have rendered similar operations a com- 
paratively easy task. 

By this valuable manuscript we are informed, that 
at the situation fixed for the bridge; in the ebb chan- 
nel on the Surrey side, there was 6 feet at low wa- 
ter; in the flood channel on the Westminster side, 5 
feet 9 inches, and on a shoal between them, 4& feet; 
also that the rise of tides at extra springs, with land. 
freshes, was 15 feet; neaps 7 feet ; and ata mean tide 
10 or 11 feet ;—that the velocity of the sutface was 
something greater with the tide ef flood than that of 
ebb ;—-that with the former it was about 3 feet per se~ 
cond, with the latter 24 feet ;—and that the piers were 
laid about 5 feet below the bedof the river. About 
the middle, and at 5 feet under the bed of the river, 
the gravel is 14 feet deep: this continued from the 
Westminster side3 the width of theriver. The other 
fourth part, next the Surrey shore, is a loose sand 
and mud. oe hes 

.They commenced the operations by driving fender 
piles to keep off the barges. These were 34 feet 
long, 13 or 14 inches square, and driven 13 or 14 
feet into the bed of theriver. They were placed 30 
feet from the pier, and 7 feet asunder, and were con= | 
nected by floating beams. For the first large.pier’ 
there were 34 of these"piles, for the others 26. They 
were driven by: an engine constructed by M. Vauloue, 
a watchmaker. The weight of the ram was 1700]bs. 
After the engine had worked for some time, it was 
found, that by three horses walking at an ordinary 
pace, when the ram was raised only ‘8 or 10 feet, 5 
strokes were made in two minutes. 

The foundation was formed, by scooping“the mud 
in the usual way of raising ballast ‘in the Thames at 
that time. When they came to the gravel, it wasra- 
ked level.‘ The guage for proving the foundations, 
was a’stone 15 inches square, and three inches thick, 
fixed to a graduated rod 18 feet in‘length. The rod 
was paintedted, and the figures white. © °° |. 

Tn order to prevent the current from washing the 
sand into the pit, short grooved piles were driven be- 
fore the two ends‘and part of the sides, not above 4: 
feet higher than low water mark, and about 15 feet 
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-begun, from the plans, and. under the direction Practice, 
of Mr Myine, who followed the example of Mr La~ Sen 


526 


Practice. distant from the caisson. Between these piles, rows 


“——-y-—~" of boards were let down into the grooves to the bed: 


of the river. 


outer edge, a strong curbing was fixed, to prevent 

Pes pressing against the. 
sides. All the joints, both of the sides and bottom, 
were Caulked and pitched. 

The sides were fastened to the bottom by 28 pieces 
of timber, 8 by 9 inches, fixed on the outside, and 18. 
within, reaching to and lapping over the tops of the. 
sides. ‘The lower end of those pieces had one side 
cut dovetailed, to fit a mortice made in the outer eurb-. 
ing of the grating of the bottom, and they were 
kept in their places by iron wedges. The bottom 
grating extended 5 feet beyond the face of the up- 
right shaft or dado part of the pier.. 

The’ caisson being launched andfixed exactly over 


the place with cables fastened to the adjacent piles, .: 


the masons laid the first course of stones within it. 
This done, a sluice made in the side was.opened near 


belye, by laying the foundations by means of cais- 
sons. The sides, ends, and bottom were constructed 
in a similar manner’to those at Westminster, but the 
form of the caisson was rectangular, the length was. 
86 feet, the breadth 33 feet, and the height, ‘ine 
cluding the bottom, was 29 feet. The sides were 
fastened to the bottom by strong iron straps, 81x on 
each side, and three on each end; each of them weré 
about 20 feet in length: on one end a part about’ 
10 feet in: height above the bottom was fixed on 
hinges. At about 16 feet above the bottom, there 
was. a floor to strengthen the sides and ends, and to 
receive a mill for working a chain-pump. There was 
another floor level with the top; one end of this 
was sunk a little to receive the capstan for lifting 
stone ; over this capstan there was an awning to pro- 
tect the workmen; upon the highest part of thig 
floor was placed a triangle for raising stones, and a 
windlass for raising mortar. On each side of the 
caisson were four upright pieces of timber, which 
formed part of triangles to be connected with barges 
for lifting the caissons. When the masonry was built 
up to the level of low water, a barge was laid along 
each side of the caisson at low water, and fixed to 
the upright pieces; when the tide rose, the iron 
straps, and the moveable piece at one end, being dis- 
engaged, the barges lifted up the caisson, which, 
-when raised to clear the bed of the river, was floated 
off. This mode of removing by barges became ne- 
cessary, from the3height of the caisson, and having 
floors and machinery constructed on ‘them. 

Mr Mylne caused piles to be driven into the bed 


of the river, and cut off level with the surface of the 
_ space which had’ been excavated. for: the. foundations: 


of the piers. 


low water, on’ which the cajsson: sunk to:the bottom ; 
if it did.not set levél, the sluice was shut and the water 
pumped out, so as to make. it float, till. such time as 


. Ina river where a-caisson of 6 feet in depth only prare 
was required, Mr Smeaton, with his usual ingenui- XCVII. 
ty, contrived one of corresponding simplicity : The Figs 2 
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thé foithdation was levelled. The masons cramped. 
the first course of stones, and laid.a second course; 
which being likewise cramped,.a third course was 
aid; then the sluice being opened agam, proper 
care. was.taken that the caisson should sink in its pro-. 


_ per place. The stone-work being thus raised to with-. 


m two feet of the common low-water mark, about 
two hours before, low-water:the sluice was shut .and. 
the water pumped. out by four pumps, eight inches. 
square, each worked -by eight men, and a small 
pumip. three inches. square, worked,. by two. men, so 
that the masons could lay. the next course of stones ; 
which they continued to do till the water was risen. 
so high as to make it unsafe to. proceed.any farther ; 
then they left the work, and opened the sluice to let 
in the water. Thus they continued to work night and 
day ‘at low-water till they had their work some feet. 
higher than low-water mark ; after this the sides of 
the caisson. were loosened from the bottom, . which. 
made them float, and they were.carried. ashore to: be: 


fixed to another bottom for the next pier. See Plate; 
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A few years after Westminster bridge was. com-. 


pleted, that over the. river Thames at Blackfriars: 


bottom consisted of two thicknesses of three-inch 
planks laid crossing each other, the sides and points 
calculated just to clear the masonry of the lowest 
course a few inches. They were composed of three. 
inch planks, grooved and tongued, level with the 
top ;.and all round the inside of the planking was: a- 
frame of timber, nine inches broad by six inches in 
thickness. At about two feet six inches below this 
was.another frame six inches square ; around the out- 
side:of the planking, and rather above the level. of 
the bottom, was a third frame -nine inches by three. 
To all.of those'frames the planking was firmly bolted, 
the sides were fixed to the bottom by iron rods,,. 
which; passing through the inside frames, had each 
two of them their lower ends. entered into an iron 
socket, which was lét into the upper planking of 
the bottom, and secured by screws passing through. 
both planks. The socket had one side perpendicular: 
and. the.other dovetailed, and the ends of the rods‘ 
were made to fit it, their upper ends passed through. 
the upper curbing about nine inches from each othery, 
and were secured by screws and washers on the up- 
per side of the frame. The spreading at the top tend- 
ed to.render their hold in the socket firm, and when. 
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practice. the sides were to be raised it was only necessary to 
eeny~eee unscrew the nuts. 


Across the top of the caisson 
there were seven ties of timber, each 12 inches by 6. 

In some cases, in very deep.water, where the bed 
of the river, though soft, is nearly level, or can be 
made 80, a very strong grated frame of timber, much 
larger than the faundations of the masonry, may be 
let down by placing great weights around the edges 
of it, and having piles driven to keep it in its place, a 
caisson may be sunk upon it. This, when once settled 


527 
suited to any exertion required, and are the most 
powerful and certain means yet devised. The gang- 
ways and scaffolding -must be regulated by local cir- 
cumstances, no general rules being applicable. We 
shall, therefore, only notice, that the labour in re- 
moving large stones, may frequently be much a- 
bridged by laying down cast-iron railways ; and that 
much aid is to be derived from the use of properly 
constructed cranes. The form and properties of these 
will be explained under their respective heads. 


Practice. 


To lay the foundations of piers in deep water, Cofferdam 


by the weight of the pier, stands as well as if piles 
upon rock, and in the tideway; being a difficult for found- 


were driven under the bottom of the caisson. Some- 


times pile-planks should be driven round the frame. operation, it becomes of serious importance to ex: age ne 
We learn from the work of L. A. Cessart, that ae how it has been performed upon a large scale. Be aes ind 


“We do not recollect of this having been done in a trance of 
satisfactory manner in any former publication, and the Caledo- 
therefore trust the following narrative will prove in- niaa Canal. 


the mode of laying foundations in deep water, by 
means of caissons, was not practised in France till 
the year 1757, when M. de Voglio and himself (en- 


Puare 


couraged by Perronet) introduced it with success at 
the bridge of Saumur, after the manner of Labelye. 

' Having detailed the different modes which have 
been practised by eminent engincers upon large ri- 
vers, it may be useful to young artists to mention, 
that in smaller rivers, where the foundations are to 
be laid on firm gravel, mud, or quicksand, it is 
frequently necessary to drive a row of dovetailed 
three-inch pile-planks around the pier or abutment, 
from five to ten feet in length, according to the na- 
ture of the ground, and lay some clay round the 
outside of them; then to excavate the foundation 
about two feet below the level of the bed of the ri- 
ver, and lay down sills nine inches by six longitudi- 
nally, at the distance of ‘about four feet from each 
‘other, filling up the spaces between them: with rub- 
ble masonry; upon this to lay two thicknesses of 
three-inch planking crossing each other, and pinned 
with oak trenails; around the outer edge of these, 
andimmediately without the first course of masonry, 
to fix a curbing six inches by four, to which, after 
the masonry has been built up to the level of low 
water, and the clay removed from: them, the pile- 
planking should be fixed by spike nails, and cut 
down to nearly that level. If the ground is very 
soft and loose, it is also necessary to drive piles 
under the platforms. In some instances, besides the 
platforms: under the piers and abutments, gratings 
filed with masonry, and covered with planking, have 
been catried quite across the bed of the river. M. 
Blondel performed this in the bridge of Xaintes upon 
the Charante. Ina bridge over the Liffy, in Dublin, 
Mr George Semple carried a solid mass of masonry 
across the bed of the river, between-the piers. | In- 
veited arches have also been made between the piers, 
and more espécially between the’ abutments, in the 
ease of having one arch only across the stream. 

'* Excavations for-the foundations and gratings in 
deep: rivers can now be much more expeditiously 
performed by the improved dredging machines, work- 
ed either by horses or steam-engines, — 

Havirig completed the cofferdams and caissons, ‘it 
is, in large works, an important consideration to 
havea perfect command ‘of the water which may rise’ 
within them. ‘The modes formerly employed were 
hand- buckets, -or’ pumps worked by. men or horses, 
also water-wheels; but-of late, in England, recourse 
has been had-to steam-engines: These can now be 


teresting to those who may be connected with similar 
works. It affords a minute detail of every operation 
in the construction of a cofferdam upon rack, in deep, 
water, and in the tide-way. It has been practised 
with perfect success at the western termination of 
the Caledonian canal, for the tide-lock built there 
by Messrs Simpson and Wilson, and is equally appli- 
cable to the abutments or piers of bridges. 

The entrance from the canal into the tide-way 
having been fixed on the north-west side of a rock 
which projects into the sea about 100 yards from 
high-water mark, and which was covered at three- 
quarters flood, it became ‘necessary to discover in 
what direction, and at what depthit lay below the silt 
or mud which composed the beach at ‘that place. By 
boring with augers, it was found, at the distance of 
21 yards from low-water mark at the lowest spring 
ebbs, that the rock, in the middle of the entrance, 
was 21 feet below high-water neap-tides, which af- 
fording the desired depth, was fixed upon as the ex- 
tremity of the space to be enclosed by a cofferdam 
for the sea-lock. 

In the spring and summer of 1807, the earthen- 
bank. was carried forward to. near the end of the 
timber. work for the coffer-dam. The first. leading 
frame was begun in August, and put together on 
the beach, near high water-mark, that it might be 
floated off to its situation. The first leading frame 
was begun by fishing together end to end, two beams 
13 inches square, by pieces'20 feet long, 13 inches 
broad, and 6 inches thick, laid on opposite sides of 
the beams across the joints, and fastened by. four 
screw bolts, which passed through the whole. 
length of these beams, when joined, was 95 feet. 
In order to form the sides of the leading. frames, 
from the ends of these last-mentioned beanis, two 
others, each 63 feet in length, were laid with an in- 
clifation to each other, that left their inner'ends 65 
feet apart. They were fastened to the ends ‘of the 
long beam by half, chucking or gaming, and tivo 
screw bolts through each corner. There’ was a 
beam 38 feet long laid across each angle, and fasten-" 
ed down to the front and side leading’ beams by 
screw bolts. At the height “of the springs this first 
leading frame was floated off; and at low water ad- 
justed in its precise situation, and sunk to the bot-. 
tom by means of a number’ of large’ stones being 
placed upon it. A considerable degree of attention” 
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Fig 3. 


The. 
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endicularly on the surface“of the sand, and close to Practice, 
be inside of the lower leading frame. On the top “““v—~ 


$28 
Practice, was bestowed in adjusting this first frame, because 
‘meen upon this depended the having the coffer-dam, and, 


of course, the entrance and wings of the sea-lock, in 
a proper direction. On the upper side of this lead- 
ing beam, previous to sinking it, there were mortices 
cut, three on each side, and three in the front, which 
were to receive tenons made on the lower end of the 
standard, which were placed upright thereio, and 
cut off at the level of one foot below high water 
neap tides, in order to receive the middle leading 
frame. This last-mentioned frame, after having been 
made on the shore, in all respects similar to the first, 
was floated into its place; but, after two or three 
fruitless attempts to rest it on.the top of the upright 
standards as the tide left it, this mode was abandon- 
ed, it being found impracticable, in so strong a tide, 
to. steady such a large frame on such low unconnect- 
ed points. . This led to placing a pile engine upon 
the deck ofa sloop, and driving three piles along the 
front, a2nd'two on each side, all close to the outer 


of it was placed a block of ash timber, two feet hi gh; 
on the lower end of this six inches were turned, to 
fill. exactly the inside of the cylinder, to prevent the 
block from shifting, and also to prevent the cylin- 
der from crushing during the driving. This block 
was strongly hooped with iron, as was also a pile, 
twelve inches square, that stood on the top of it, and 
reached as much above the top of the upper scaffold 
as the cylinder had to sink into the mud. The 
whole were now lashed, in such a manner as to keep 
them perpendicular, and, at the same time, allow 
them to sink, The driving was then commenced 
with a pile engine 30 fect high, and a ram 1008 Ib. 
At first the cylinder went freely; but, by the time 
it had sunk three feet and a half, it went so stifly, 
that it was found advisable to begin emptying the 
matter out of the inside. For this purpose an in- 
strument, named .a sand auger, was made, (See 


side of the lower leading frame. Large brackets Plate XCVIL) having a quadrant ofa circle of the us aan 
were nailed to the inside of these piles, level with same diameter as the inside of the cylinder. The Fig. an 


the tops of the upright standards. The frame was 
then floated again into its place, when it rested upon 
the brackets, and upon the top of the standards, and 
was screw-boltéd to the piles. Upon the second 
leading frame were also upright ‘standards fixed in 
mortices, and cut off at the level of high water of a 
high spring tide. The upper leading frame was 
floated off-and fixed upon the standards. For doing 
this, advantage was taken of. one of the highest 
“ping tides in the beginning of October. This 
frame was likewise bolted to the piles. A tempora- 
ry scaffold was made above the top frame, by laying 
large beams across, and ‘driving piles in the Pade of 
the space to support them. The whole was now 
loaded with stones. A large pile engine was placed 
on the scaffold, anda number of piles driven around 
the outside of these frames, at fifteen and twenty feet 
apart from each other. They were balted to the up- 
_ permost frame, to keep the whole steady during the 
winter storms. : 

In March 1808, the work was recommenced by 
putting down the main or framing piles, and fixin 
them in the rock ‘by means of iron-dowels. For this 
operation there was first: constructed a cylinder of 
three inch fir plank, 22 inches diameter in the inside, 
and eight feet long. The joints-were made perfect- 
ly correct, and dowelled together ; and it was hoop- 
ed with flat iron bars. The lower end was shod 
with a circular iron shoe, fitted on the edge of the 
timber, to prevent it from being damaged by stones 
while driven down to the rock. Near the upper end, 
and on the opposite sides of the cylinder, two strong 
eyes were fixed by means of strong iron clamps, 
which embraced the cylinder, and were rivetted to 
its sides. This was done in order to receive a strong 
chain to lift up the cylinder, and also for drawing it 
out of the sand and mud after the pile was fixed. 
At low water, this cylinder was placed in the situa- 
tion where the centre of the main pile was to lie. 
At this spot there were three feet of low water, and 
eight and a half.of silt and gravel upon the top of 
‘the rock. The cylinder being lifted by ropes fixed 
on the top ef the pile engine frame, it was set per- 


circular side, and one of the straight sides of this 
quadrant, for six inches high, were made close, of 
thin rolled iron rivetted to the ribs, which were fas- 
tened to the corners of the quadrant, from which 
proceeded an upright shaft, the other straight side 
being open. To the bottom of it four flat teeth, 
two inches and a half long, were fixed, with an in- 
clination downwards ; so that, when the auger turn- 
ed round, these teeth loosened the sand, and prepa- 
red it to enter easily into the body of the auger. 
To keep it steady while turning, there was fastened 
to the lower side of. that corner of the quadrant which 
is the centre of the circle, a pivot, six inches long, 
which passed into the sand, and served as a centre 
for the auger to turn upon. ‘Immediately above this 
pivot stood the upright shaft, which for ten feet 
was of iron, one inch and a half square, and for 
twelve feet more a piece of ash timber four inches 
square. Upon this two cross handles were placed, to 
turn it with; and they were to slide up and down as 
the auger rose and fell. At five feet below the up- 
per scaffold, where the pile engine stood, a tempora- 
ry scaffold was erected, on the top of the second 
leading beam, where four men might stand and turn 
the auger. In this lower scaffold was a round hole, 
through which the wooden shaft of the auger pass- 
ed, and kept it steady. When at work, two com- 
plete turns filled it. It was then lifted up above the 
water, by a purchase from the top of the pile engine, 
and the sand was cleaned out with a small dont by 
a man who stood in a boat for that purpose. The 
operations of boring and cleaning out were repeated, 
until the sand was taken out to the bottom of the 
cylinder ; which was then driven farther down, and 
a similar operation of sand boring gone through; 
driving and boring alternately, till the lower part of 
the cylinder rested upon the rock, and all the sand 
was taken out, as low as the pivot would allow for 
the rock. There was then a frame, which fitted the 
inside of the cylinder, introduced into its upper end, 
and sunk tothe bottom by means of two half hun- 
dred weights. Down a square hole in the middle of 
this frame, was introduced a pipe, four inches sqnare 


Practice. at the top, and tapered to three inches at the bot- end, and set it in motion. The cylinder at length Practice. 
“y= tom. This was driven down to the rock through started; but, before it moved, it tock a purchase of 


the small quantity that the auger could not clear. 
The sand which was inclosed by the pipe was clear- 
ed off the rock by a cylindrical iron tube, three inches 
in diameter on the outside, and three feet long, which 
had a valve fixed within two inches of the bottom, 
and rested on a small ring fastened in the inside of 
the tube for that purpose. 
was a screw, by which it was fastened to a set of 
boring rods. It was then passed down the inside to 
the bottom of the square wceoden pipe, and, by 
working it by short and quick strokes, the before- 
mentioned sand and small gravel worked above the 
valve by the agitation of the water. The tube was 


then taken up and emptied of the sand ;-and this ope- 


ration was repeated, until the rock within the square 
tube was perfectly clean. It was found absolutely 
necessary to clear away this sand, as otherwise it en- 
tirely prevented the jumper from turning on the 
rock. 

A jumper was then passed down the square direct- 
ing-pipe, and worked by a lever on the upper scaf- 
fold, until a hole two inches and a half. in diameter, 
and twenty inches deep, was bored into the rock, to 
receive an iron dowell two inches square. This do-~ 
well was fixed in its place, by fastening it into a 
square socket made in the end of an inch and a half 
square iron bar by a small cord, to prevent it from 
falling out of the socket while lowering down the 
square directing-pipe to the rock.. It was drive 
into the hole in the rock, by striking with a large 
hammer on the head of the bar. When it had been 
driven eighteen inches into the hole, the timber was 
lifted by a sudden jirk, which broke the cord, and 
left the dowell in its intended situation. The frame 
and square directing pipe were then lifted out of the 
cylinder.—The pile, previous to being let down, had 
two hoops put on its lower end, and a hole cut to re- 
ceive the end of the tron dowell which stood in the 
rock. And, from the side of this -hole to the inside 
of the lower hoop, four pieces of iron were driven 
into the end of the pile, to prevent the timber at the 


sides of the dowell from giving way, when the late. | 


ral pressure came upon the pile. On the four sides, 
near the lower end of the pile, pieces of timber were 
nailed, to increase its size to twenty-two inches, this 
being the inside diameter of the cylinder. By this 
means the hole was kept in its precise situation, and 
was formed to pass exactly upon the dowell. It was 


then sct hard to the rock by a stroke of the pile’ 


engine, “This completed the fixing of one main.pile. 
A strong chain was then fastened to the top of the 
cylinder, and, after the main pile was wedged down, 


‘to prevent it from rising, a strong purchase of ropes — 


and blocks was applied to raise the cylinder out of 
the sand; but all the power which could be applied 
was ineffectual. A beam-of fifty feet in length was 
therefore procured for a lever. ‘The fulcrum of this 
lever was laid on the top of the main pile. The 


from the mast.of a sloop, that was laid along the 
outside of the dam for this .purpose. 
from the top of the cylinder was now fixed to the 


inner end of the lever, and six men got on the outer. 
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On the top of the tube’ 


The ‘chain — 


nearly fifty tons. _After it was worked up a little 
by the lever, the ropes and blocks were again ap-_ 
plied, and lifted the cylinder over the top of the: 
pile. The head of the pile was now forced against 
the inside of the upper leading frame, and a screw- 
bolt put through both. ‘The whole apparatus was 
then shifted to thesituation of the next main pile, and 
similar operations took place, until the whole of the 
main piles were fixed, excepting in some instances 
where the sand was shallow, and then the cylinder was 
lifted without employing this enormous lever. 
The main piles having been all properly fixed at 
the bottom, and fastened at the heads, temporary 
leading beams were bolted on the outside of the piles | 
formerly described as driven 15 or 20 feet apart, all 
round the outside of the main leading frames. These 
spaces were now filled up with piles set close side by 
side, and driven down to the rock: then the lower 
temporary leading frame was taken off, the upper . 
one being left to steady the piles until the puddle 
was brought up inthe cofferdam. The inside braces 
were now put in; they rested upon brackets fasten- 
ed to the main piles, and also upon the tops of these 
piles which were driven to the rock under the main- 
stretching brace. The braces were besides prevented 
from floating, by brackets nailed above them, and by 
stones laid. on temporary scaffolds. The outer row 
of piles, in front of the cofferdam, was begun by, . 
placing a pile engine on a float made of large fir logs 
from 40 to 50 feet long, and one foot square. These 
were fastened together by half logs spiked across 
them. The width of this float was 14 feet, which 
just filling the space between the rows of piles, was. 
thereby kept steady ; and this was also the means of 
getting readily into a straight line the outer row of 
piles which stood at twenty feet apart. These. being 
driven, a long leading beam was made by fishing, as 
formerly described, and bolted to the outside of these 
piles ona level with the inside leading frame. A 
temporary leading beam was then fixed on the inside 
of the outer row of piles, one foot lower.than the 
outside beam; there was then a scaffold erected on 
the top over the space between the rows of piles, by 
which means were taken to secure the outer piles 
from any motion they might otherwise have had 
with the tide. ‘The piling-engine was next got. on 
this scaffold, and an outside leading beam bolted at 
the same level with the middle leading frame on the 
inside. The space betwixt. the first-mentioned piles. 
wus now filled up: by others set close together and 
driven down to the rock, by the time the.outside 
and two return rows of piles at the angles: were all 
driven: the bank and puddle at each side of the dam 
was brought forward to the front of the.inner row of 
piles. & 
“The connecting bolts were now put in, one through 


each main pile, oppusite the middle leading frame, 
through which it went, -also.across the puddle, and 
outer end of it was lifted up by ropes and blocks _ 


through the front leading beam on the outside of the. . 

outer row of piles. These connecting bolts. were 

fastened ‘by a strong cotterel through each end, with 

a strong iron-plate uuder them. There were likewise 

two of these connecting bolts through each main 
3x 
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pile in the front of the dam; one through the mid- 
dle leading frame, \and the other one foot below low 
‘water coimmon spring-tides, at which place the low- 
est leading beam:on the outer row-of piles was fixed. 
The two ‘rows of piles wete kept together at the 
tops by means of a piece of strong timber being 
gained.on the side of each main pile on the’ inside: of 
the dam, and being spiked down on the outside lead- 
ing’ beam. 

‘This description, with the representation in Plate 
XCVIL. will, we trust, convey a distinct notion of the 
progress ..of this difficult operation. The descrip- 
tion-may, no doubt, to some appear minute, but those 
engaged or interested in similar works will not think 
it more than sufficient ;. and we consider it a fortu- 
nate: circumstance, to be enabled to furnish so mi- 
pute and-faithful an account of it. 


Or Piers, 


“The piers of most of the ancient bridges in Eng- 
land‘weré made of: great thickness, in proportion to 
the-span of the arches which they sustained. In Lon- 
don: bridge “some of them are larger than the original 
openings-of the arches. 

. These piers consisted of small rubble stone laid in 
lime-mortar, surrounded merely by a-thin casing of 
squared ‘stones. It is probable that the Roman 
bridges, whose piers were said to be equal in thick- 
néss ‘to one-half the span of the arches, were con- 
structed in the’ same manner. But these piers oc- 
cupying: 80 great a proportion of the breadth of the 
river, either raise a head, and tear up the bed, or 
cduse a very great widening of the banks. ' In order 
toavoid, or as much‘ as possible to: lessen these in- 
conveniences; the piers have ‘been reduced in thick- 
nésé,’ and “constructed ‘wholly with squared stones, 
each cotirse beirig of: equal height quite through the 
body of the pier.. In Bewdly, Conon, Dunkeld, and 
Lovat ‘bridges, Mr ‘Telford has made them from 
about .a seventh to' less than an eighth part of the 
span ; and: at'Neuilly, Mr Perronet: has given only 
oxie-ninth part ofthe span to his piers. All these 
measures-aré taken at the springing of ‘the-arches: 

‘In ‘discussing the ‘principles of bridges, it’ has 
been demonstrated,-that the thickness ought to be 


replated ‘by ‘the pan and rise-of the arches,:com- 
bihe 


d with the height of the piers; we have there- 
fore éited ‘the beforé-mentioned examples, merely as 
bging some of: the: narrowest already practised with 
success ‘on a large: scale, but upon which engineers 


great height; bub if there are no lakes iii the course ‘ 
iand ‘if the ‘bridge is: placed where:.the- 
adjacent ‘country’ oneach side ig above its‘level,' then” 


ofthe rive®;- 


thé foods being thus-confined, may possibly rise-to a 
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"For example, in the rivers Ness and Lochy in Scot- Practice, 
land, which in their upper parts are connected with "~~ 


large lakes, the floods never rise more than four feet 
above the level of low water; but in the river Clyde, 
where there are no lakes, the floods have lately, near 
to Glasgow, risen 20 feet ; and the river Severn, in 
England, since it has been embanked in the low 
lands in Montgomeryshire, has frequently, in some 
parts of Shropshire, risen 15 feet. on 

Unless the bed of the river consists of rock, or is 
completely protected by inverted arches or well-con- 
structed causeways, ‘it is advisable to raise the piers 
as near to the line of ordinary floods as due regard to 
the arches and access will admit of ; and at all events 
to avoid finishing them under the line of ordinary low 
water. 


~The dimensions of the piers having been deter- Their 
mined, the next step is to consider their shape. The shape. 


portion of pier which supports the arch is usually of 
an oblong form, with its sides right-lined and paral- 
lel ; under low water, the pier increases in breadth 
downwards to the foundation, at the rate of from 
one inch in the Pont Royal to nine inches in the 
bridge of Neuilly, for every foot in height, and the 
platform extending from two to six inches beyond 
the masonry. The rate of this increase of breadth 
must be in some measure regulated by the nature of 
the foundations, and the proportions which the body 
of the pier bears to the span of the arches. In Neuilly, 
the thickness of the pier being at the springing of the 
arches only one ninth of the span, it became neces- 
sary to spread the base, in order to embrace a con- 
siderable extent of ground ; but as in practice it is not 
easy to get the workmen to make the back part of 
the beds of the outside stones equally perfect with 
that which is near the face, these large offsets 
throw too much of the weight upon the imperfect 
workmanship of the beds, and should therefore he~ 
avoided. An increase at the rate of three inches for 
every foot in height, appears preferable, and has been 
adopted in several of the British bridges. Large 
offsets certainly afford an opportunity of supporting 
the centres very advantageously ; but this may be 
sufficiently obtained by having them three or four 
inches ‘in the stone-work, and making the wooden 
platform ‘to. project considerably more around the 
pier. The shape of the points of the piers are, 
Ist; Acute-angled; 2d, Right-angled; 3d, Semi-, 
circular; and 4th, Having two segments of'a circle 
intersecting each other. The 2d and 4th seem 
the preferable modes. These projecting points usual. 
ly diminish from the line of each side of the piers, 
though we have seen them formed upon a narrower 
base than the breadth of the pier, leaving a square | 


* projection on each side; but these projections ob- 


struct the current, and cause a head which frequent- 
ly injures the foundations. In the case of St Maxence, 
- Perronet has departed from the right-lined figure, 
and also divided the bodyof the pier longitudinally” 
into'two parts, leaving’ an opening “between them 
équal to their thickness ; but as every water conduit _ 
should have" its Sections equal, and itg course as di- 
rect’ as possible, this mode seems very. objectionable 5 


2 ‘it likewise’ diminishes the strength of the pier: and 
stilk.greater height :than has: been - ormérly noticed... 


ashe has made ‘an inverted arch under the openings, 
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“Practice. to embrace the whole foundation, the saving of ma- 
Compe gonry, when compared with the whole mass, is very 


trifling ; and, with due deference to that able en- 
gineer, we cannot help observing, that, in point of 
taste, a work which is to convey an idea of durabi- 
lity, should rather have the appearance of stability 
towards its base, and diminish as it ascends. 

Each course of stone around the outside should 
be laid header and stretcher alternately ; the stretchers 
should be from 18 inches to two feet in breadth; and 
the headers, which should be about one third of the 
whole face, should each be from three to four feet 
in length: their upright, or end joints, should be 
correctly squared, at least one foot in from the face, 
and in no part be more than one inch in widch. The 
interior, or filling in stones, should be of equal height 
.to the outside stones, and have their upright joints 
not more than ene inch in width :, they should break 
joint at least one foot. The first, and all the suc- 
ceeding courses, should be laid flushed,. both their 
bed and upright joints, in proper mortar. The French 
engineers allow fom two to four and six lines for the 
thickness of the outside mortar joints: in. England 
about an eighth of an inch, when compressed, is 
usual. All the joints should be run full of grout, 
where there is any vacancy after the first operation. 
‘The French cramp all the outside stones with iron 
cramps, from 15 to 18 inches in length, run and co- 
vered with lead; but. if the masonry be composed 
of large stones, well worked, and laid to break 
joints properly, iron cramps appear an unneces@ry 
expence, Great care should be taken to select the 
hardest and most perfect stones for the projecting 
points of the piers, especially those on the upper 
side of the bridge. The points should be carried 
up at least to above high water mark, and at that 
height they are usually’ finished by sloping them 
‘back to the face of the spandrels. In some cases, a 
ir ar of a circular or polygonal. form is car- 
ried up to the level of the roadway. The courses of 
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points, The pier was loaded with 1,200,000lbs. for Practice. 


five months. The points were then taken down un- 
der low water and rebuilt. This was in 1759; we 
have not heard of its sinking more. ‘But, in 1761, 
the water having swept away about two feet from 
the piers, induced them to drive two rows of piles 
quite across the river, six feet distant from the lower 
points of the piers, and fill in rubble stone. ace 

In 1747, one of the piers of Westminster bridge 
sunk 18 inches at one end, which caused the taking 
down of two arches. The pier was loaded with 700 
toas, or 1,568,000lbs. It was cased round the foun- 
dation with strong piles, to prevent any. more gravel 
running out. The pier was taken, down for some 
distance under low water, and rebuilt level ; the two 
arches were also rebuilt; but, to lighten the pier; 
arches were constructed in the spandrels, and the. 
same was afterwards done at Orleans. ae 
.. At Orleans, the cause of the sinking of the pier 
was not discovered. At Westminster, it took place 
from there being no piles under the foundation, 
and from the ballast men lifting gravel for covering the 
bridge too near to'the foundation of the.pier. This 
circumstance ought to prove a caution to engineers, 
never to leave unprotected, a foundation composed of 
gravel, sand, or mud. 


Or CEentREs. 


stone may vary in thickness, 18 inches beifig a good 
average. : 
Abutments, The abutments are managed in the same manier 


XCLX. and 


as the piers, only their backing is in general made. of 
good rubble stone, laid in lime mortar. 
work must be levelled and grouted at the height of 
each course of square masonry ; great. care being ta- 
ken to have the whole properly bonded and connect- 
edtogether, If the bridge is wide, a buttress, or 
counterfort, should be placed behind the middle part 
of the abutment. This should be made of rubble work, 
well bonded into the body of the abutment; and 
having, besides, thin hoop-iron, laths, or ‘half-inch. 
boards, laid in‘as they are carried up. This is a ne-, 
cessary precaution in all large buttresses constructed 
with rubble stone. a mae 

After all the precautions .which can be taken to 
secure the foundations of piers, accidents sometimes 
happen to the best constructed works. In the bridge 
of Orleans,-though conducted by the best engineers 
in France, one of the piers sunk 18 inches, French. 


measure, although the foundation, had. :shewn no. 


symptoms of being. worse, than the others, The, 

points did not sink with the body of the pier, but 

both the masonry and platform ‘broke off at these 
2 


This rubble. 


de . At Neuilly, previous to 
the .centre .being eased, Perronet states, that the, 
arch (of 120 French feet) had sunk,13 inches, and 
it afterwards: sunk 10% inches. more, making in. all 
23k inches. .At Mantz, (also 120 French feet span,)} 
before .the centre. was eased, the sinking. was J 
inches, andit afterwards increased to 20£. In Brita, 
no such imperfections have ever been known. In the 
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Practice. largest arches constructed with cut stone, under the 
Sermon direction of experienced persons, the sinking has 


been scarcely discernible. In Dunkeld bridge of 


90, Tongueland of 118, and Aberdeen of 130 feet ~ 


span, the sinking has never exceeded three inches, 
consequently no derangement of general form’ or 
of joints: took place. “In rivers where there is no 
‘Ravigation, or where there is no risk from the 
floating-down of ice or timber, the centres are fra- 
med with horizontal ,tie beams, and supported in 
sundry places by frames or piles fixed in the bed of 
the rivér ; and, in old bridges, corbels of stone were 
frequently placed in each abutment, to receive the 
beams of the centres. But when any of the before- 
mentioned inconveniences are to be guarded against, 
the frames are trussed so as to leave a large propor- 
tion‘of the space in the middle unobstructed. In 
this case, more art is required in framing and placing 
the centres, so as to afford effectual support, and ad= 
mit of a perfect mode of lowering and removing 
them. ‘The offsets of the stone work and platforms, 
afford: the most substantial abutments for the sup~ 
ports; but unless the bed of the river is very sor, 
greet advantage may be derived from also placing 
rames or piles at a small distance from the body of 
the pier;-and as in large arches this operation can- 
_. hot incommode the navigation, it ought to be made 
use of. The modes of lowering or easing the cen- 
tres practised in Britain, appears to be much more 
simple and safe than those described by Perronet, as 
practised in France.- In France, the bridgings across 
the frames, upon which the archstones were set, were’ 
cut away, either beginning at the springing, and pro- 
ceeding regularly upwards to the key, or otherwise, 
by first-cutting out each other bridging, over the 
whole centre;-and next, each other that was left, 
and:so alternately, until :the whole were removed. 
In Britain, the centres are set upon beams; between 
the centres'and the beams, wedges are introduced, 
sometimes in separate pairs across, ‘under each frame; 
sometimes. the wedges are formed or fixed upon one 
piece of wood, which reaches across the whole width 
_ of the soffit, passing between all the centre frames, 
and the supporting frames or beams ; and, lastly, the 
wedges.are formed or fixed upon a piece of wood, 


which ‘is placed longitudinally under the foot of each. 


centre frame,’ and resting also on the supporting 
frame. When the centre is‘to be eased, these wedges | 
are driven along each other, or the pieces of wood 
on which the wedges are formed or fixed, are driven 
back so that the wedges are moved along each of their 
inclined planes. into larger spaces than they had be- 
fore occupied. In all these cases, the whole centre’ 


3S. made to descend very. gently, and. may be suffered” 


to-rest at any part: of the operation. The mode ef 
striking the wedges is varied according to circum. 


stances. It is, i the smaller arches, usually per. , 
‘formed by men with mauls striking each pair of” 


' wedges. In the larger arches, such as Westminster. 
zid-Blac 


at ckfriare, it, was performed with abeam.moutt:- | 
ed’as a battering- ram.’ ‘The frames are placed-from 
four, dix; to séven feet apart, from middle to middle, 


aid are secured'with cross ties and braces. 


‘When there are three arches, two centrés will be 
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required’. and when there are five arches, three cene 
tres will be needed. See page 542. 


. Or THE Arcués. 

The centres being placéd, and properly secured, 
the setting the atchstunes is’ proceeded with. The 
masonry of the piers and abutments, near to ‘the 
springing, is carefully adjusted; and it is usual, ime 
mediately under the commencement of the curvature, 
to lay a capping, string, or cordon: this, by having 
a small projection, covers any trifling inaccuracy 
which may have taken place in setting out or carry 
ing up the abutments and piers. If the courses have 
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See mneet 


Of the 
arches, 


hitherto been worked with horizontal beds, the up: 


per bed of this capping course is sometimes made to 
suit the radius of the arch. After the general form 
and dimensions of the arch have been determined, the 
form and dimensions of the archstones is of -the first 
importance, for it is upon them that the great feature. 
of bridge building depends. ‘Vhe nature of the differ- 
ent forms into which'they have been, may, or ought 
to be made,, have already been fully considered when 
treating of the principles of bridges ; we shall there- 
foré now only. simply. state “various instances where 
different sizes have been practised in great works. © 
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~ From the foregoing examples it will be seen, that- 
the'French have untformly used ‘very deep: arch-. 
stones, for.théir outside or headers-are many of them’ 


more than those here described for the body of the: 
arch ; and this circumstance no doubt, joined te their- 


wide mortar joints, led, in some measure, to the enor- 
mous sinking of their arches. 


In Westminster and - 
Blackfriars, the archstenes are equally deep-; but by- 
the:dimensions of those in Tongueland bridge-near- 


Kirkcudbright, viz. 3 feet 6 inches, it may be obser- . 


ved that no such depth is necessary; for here in an. 
arch of-118 feet span, erected over-a-river, where, he- 


sides about 10 feet. depth at low water; the tides rose- . 
above 16-feet, which of course rendered it somewhat — 
difficult to fix and preserve the centering yet-no sink-- 

ing took place to open-the joints, and the whole arch- 


has ever since remained stable and perfect.. Also in- 
Dunkeld bridge, the-arch of 90 feet span has arch- 


stones 3:2 deep; which-are also quite sufficient, . No- 
doubt the mode’of managing the spandiels in. both: 
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Practice. cases should also be taken into account, but we are _ In setting the archstones, care should be taken to, Practice. 
: persuaded, that archstones are, in general, made much keep each course pointing in the direction of the ra~ 


deeper than necessary ; and on account of the unne- 
-cessary weight and expense incurred by this practice, 
we consider it our duty to draw the particular atten- 
tion of the young engineer to this point. He may, 
in the instance of Lianrwst bridge, observe, that our 
British Palladio (Inigo Jones,) has long ago shewn 
us a bold example, which has stood the test of 174 
years. In Llanrwst bridge, the middle arch of 58 
feet span, 17 feet rise, and 14 feet in width across 
the soffit, the archstones are only 18 inches deep. 
“We have carefully examined this arch, and can assure 
the reader, that it is not from the peculiar excellence 
of the workmanship it derives any advantage. The 
archstones vary in thickness from 5 to 16 inches; 
many of them are 8 and 9 inches, There are, in some 
instances, two headers to answer one course. of com- 
mon archstones, and in others two courses of arcli- 
‘stones to answer one header. ‘The masonry of the 
‘spandrels is very irregularly laid; and as a_ complete 
proof of the stability of the middle arch, from a de- 
fect inthe foundation of the west abutment, one of the 
side arches fell, and was rebuilt in 1703, but the others 
remained uninjured. The piers are 10 feet in thick- 
ness, and the arch springs about 3 feet above the bed 
of the river. The road over the bridge is certainly 
too steep, and thereby no doubt lessens the weight 
upon the side arches ; but we are convinced, that the 
road might be made with a declivity of 1 in 24, and 
the same degree of lightness preserved, by construct- 
ing the spandrels hollow, in the way which will here- 
after be described, instead of filling them up solid 
as they are at present. We are more particular in 
describing this bridge, because of the authority it de- 
rives from the celebrity of its designer, and the length 
of time it has endured. ~ 
From 2 feet 6 inches-to 4 feet, is a good length 
for the face or soffit of the archstones. When they 
are longer, as the beds can scarcely ever be worked. 
and set exactly true, they are apt to break when: the 
weight comes upon them; and when shorter, thereis 
not sufficient space to overlap or break. the joints 


properly. . Each course should be of equal thickness - 


quite through between the headers. The thickness 
of each course should be from one-third. to one-half 
their depth, and they should be chamfered or -rusti- 


cated ‘along the bed joints, and also those of the out=: 


side heads. The beds should be worked as true as 
possible for the whole breadth of each stone, the ne- 
glect of which destroys every other précaution.. Each 
stone should be laid so as just to swim in the mortar, 
and be struck with a maul two or three good blows. 
‘Fhe joints of the headers.should be of equal’ thick- 
mess with those of the other. stones in the same course. 
Tnexperienced masons, by laying the headers with 
thinner joints for show of fine work, frequently ere-. 
ate an unequal pressure, whick bursts or splinters the 


headers, beforé the interior archstones come to an. 


equal bearing. ae : : eae os 
~ The French cramp the headers with iron to, the- 
interior.archstones ; but if the masonry: is. good, this: 
seems totally unnecessary, nor is it, practised.in. Bri-; 


Rain, : 


dius ; and in order to enable the workmen to do this 
correctly, the thickness of each course should be 
marked upon the outer ribs, and its line of direction 


“upon the lower part of the bearns of the same ribs. 
Attention must also be had to carry on the courses 


equally on éach side of the centre, and also to carry 
up masonry over the solid part of each pier in the 
spandrels. If thisis not attended to, too much weight 
on one side will derange the form of the centre; and 
there is sometimes a necessity to lay some temporary 


‘weight upon the crown of the centre, untik the load 


approaches the middle. Incase of more arches than 
one, and the arches flat, care must be had not to ex- 
pose one side of the pier until it has a sufficient weight. 
upon it, or is guarded by resistance on the opposite 
side. At the bridge of Mantz, by a neglect of this 
sort, one of the piers was pushed 4:Zinches out of the 
upright. . It was afterwards by loading the opposite 
side, made to return 22 inches. 
The keystones should be driven to. fill their places 
firmly, but not so. as to require much. force, other- 
wise they will derange the rest of the joints, and alter 
the shape of the arch. A's soon.as the keys are driven,. 
all the back and end joints of the whole arch should 
be carefully examined ;. and if from the drying of the 
mortar, or defect of-any of the stones, some vacancies 
appear, they should be run full of mortar, and: firmly: 
wedged with slates ;: the whole should then be left 
for some time to dry and indurate.. The length of 
this time must depend upon the state of the weather, 
the qualities of the stone, and also the mortar. While- 
this operation is going on, the masonry should be: 
brought up in the spandrels to the level of about $ 
of the rise of the arch. This may be of rubble work, 


' but it should be laid closely, in regular courses, im 


good lime mortar, and.abutting firmly against the arch- 
stones. Thé outside stones should, in the part over 
the pier, be carried up to the same height; but im- 
mediately adjacent to the archstones, they should be- 
stepped or racked back; and left so.until the centre 
is removed, because if finished close up to the beck 
of the archstones, the least sinking of the arch-would. 


- cause a fissure. The spandrels having been carried: 


up te the proper height, and the mortar having ac- 
quired a proper consistence, the centre. may be eased, 
and removed ‘in the way formerly described... 

. The. centres having been removed,.the soffit of'the 
arch should be carefully examined, and: the joints if 
necessary, pared, cleaned out, and pointed with mor- 
tar.. The advantage arising from champhered‘or rustic 
joints will:now appear: they prevent the edges from 
chipping, and cover any trifling inequality, so that.it is 
the crossjoints only. which require paring ;. the cham- 
phered joints also give an: appearance of lightness,to 
the archstones. It is sometimes the practice te lay 
around the arch a.thin course of stone, plain-or mould- 
ed on the edge;. which: projects. afew inches below 
the face of the archstones. ‘This: becomes ‘necessary 
if the headers have:any twist, becauseit admits of the 
spandrels' beirig set correctly straight, without.shew-: 
ing. the.twist or other.defect, = 


Practice. 
Spandrels 
and wing 
Walls, 


- be:procured,.or where: that is difficult, the:o 


534 


Or Spanprets AND. Wine Watts. 


‘When the-arches have been. completed, and the 
centres removed, the points of the piers are brought 
‘up, and are either finished at some distance above high 
watet mark, by sloping them back to the face ofthe 
spandrel, in either a triangular. or circular form, or 
‘they are disposed, so as to receive columns, pilasters, 
circular, or. semi-octagonal turrets; in all of which 
‘shapes very excellent works have been constructed, 
The-two latter modes afford greatest stability to the 
‘superstructure in acting as buttresses, and on this ac- 
count they agree more correctly with edifices of 
‘this kind. It is needless to. observe, that in. whatever 
way the points of the piers are.terminated, it is. abso- 
lutely necessary that it be with stones of good quality, 
‘firmly connected with the spandrels. The spandrels 


_of arches have been finished in a variety of ways: in 


many of the old bridges they were filled up with earth, 
or.gravel.; and in small bridges. the masonry should 
“be brought up:to.the level of about one fourth of the 
rise of the arch, and:then be sloped up to the top of 
the back of. the: archstores, and the remaining space 
filled up with gravel or. stone rubbish, (not clay). 
‘In the large French bridges, they have been filled up 
entirely with rubble masonry ; but this throws an un- 
necessary weight upon the arches. T'o remedy this, 
arches have been made sometimes quite through, and 
kept open, and sometimes: concealed ; and in West- 
-minster,.and Orleans, vaults have been constructed to 
lighten the piers which sunk, and those adjacent to 
them; but as these arches:are easily deranged by. any 
settlement of the main arch, and by that means :ren- 
-dered injurious rather. than beneficial, another more 
simple. and effectual way. has been devised. This-has 
‘been practised. with -perfect success.in Tongueland 
_bridge of 118-feet,span,.and Dunkeld of 90; as wellias 
in.many other instances, and’ ought to be generally 
adopted in all. bridges composed of large arches: 
“This mode consists of building walls longitudinally : 
“they are. founded upon the solid.rubble masonry, 
which has.already.been described ;. and increasing in 
‘length.as they advance in, height, they rest upon and 
abut against.the. backs of each row. of archstones, 
‘and.act..as struts between:.them. These walls are 
placed from: two-to:three:feet apart from each.other; 
and. are: made: from: 18 inches.to three feet-in thick. 
ness, according. to their height, and the nature-of the 
‘materials of which they are composed:. They are kept 
steady, by laying long stones occasionally across: from 
-one wall to another.. The outside spandrel walls; 
‘sunning: parallel: with these, and-being.coanected with 
them by..long stones; become a-part of the general 
‘frame... These: walls are: all-carried up to near the 
level: of the top:of the archstones, where they. are 
covered with two rows: of flat. stones where they:can 
ngs 
aré:.arched over, (Gothic or peinted,). to lessen ‘fe 
‘Tateral pressure. Sometimes the:middle.openings:are: 
-arched, . and those next ‘the. outside -covered -with: flat: 
_ stones, Small openings are made.in those-walls, upon. 
the top: of. the.rubble masonry; through which: any: 
water that may fall into,.or be by.any means:colleéted: 


in the spandrels; is conducted to one point, where it . 
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issues through a pipe inserted in the archstones; Practicé: 
Small doorways are also made through the walls; and ““\~ay 
‘by a hatchway constructed in the top pavement, a 


person may, at any tinie, descend, and examine the 


state of the interior parts of the spandrela. See Plate prars cy, 


Cl. 

The outside walls are usually madé thicker than 
the interior walls : they are generally in good bridges 
faced with square masonry, and have a rubble back- 
ing. The facing is composed of headers and stretchers, 
the latter being from 15 to 18 inches in breadth, and 
the former from 2 feet 6 inches to 3 feet in length ; 
the whole thickness of squaie masonry and rubble, 
making about 4 of its height upon an average. Whea 
these walls are very high, a wall is also built along 
the middle of the piers, and abatments which cross 
the other, and into which they are tied by bond 
stones,-or pieces of timber laid at about every six 
feet. in height. When these spandrels have been 
brought up to thé level of the top of the arch-stones} 
they are dressed into the slope which it is proposed 
to make the roadway, which we recommend to be 1 
in-24, Here there is usually laid a cordon or facia 
course, and cornice, which extends along the whole 
of the arches, spandrels, and wing walls. ‘This is made 
ne ‘in thickness, height, and shape, according 
tothe fancy of the engineer ; but the upper course 
of it should: be of sattcent breadth to allow for the 
projection, and to pass quite through under the para- . 
pet, which will, by standing upon it; keep all-thé 
work. securé ; the upper side of the projecting part 
should have a slope or weathering, to throw off thé 
water which will fall upon it, andthe upright joints 
should be set and pointed with: British cement: 

- When arches are so constructed, that each’ -will 
stand- independent of. the- others, and‘which: appears 
the true principle of bridge building, the: abutments 
are merely: piérs, placed next the shoré of thé rivers ; 
and we have accordingly hitherto considered‘them' as 
such. ‘The French enginéers, from thé flatness of 
their-arches, and the great weight of the voussoiré 
and: masonry with which they have loaded them, have 
considered that the greatést push should bé against 
the abutments, and have made thei much thicker 
than-the piers. In Neuilly, when‘ the piers were E93 
feet, Perronet has made the abutments 30 ‘feet 3 
inches. ‘This appears-to bé a mistaken‘ mode of pros 
ceeding, because the abutments, besides their owit 
thickness, have generally wing walls ‘behind them; 
upon which, by making. the back of the abutments iti 
a circular:form, they will abut-and-be preveiited front 
moving: backwards.’ The wing walls have sometimes 
their foundations-laid at the sanie depth. as the abate 
ments, and’ are’ similarly secured by -piles and ‘plat 
forms. If the ground-is. firm; they are founded by’ 
steps rising upasthey retreat. This, when practicable; 
saves much masonry. “Their thickness is'made from 
about 4.to } ‘part: of their height upon ait averapé’;: 
but as the space: between ‘is-filled up-with' earth; they’ 
should be formed in curved lines horizontally- aid - 
vertically, and:also“have.a batter of ‘from % to ‘Sof 
their height, and:this‘should be previded-for in sets! 
ting.out their foundations:: When-the wing wills‘aré* 
very long and high, there should be a cross wall built, 


Practice. 


Parapets 
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channel ; or British cement may be used instead of Practice. 


reaching between them, into which they should be 
tied; and sometimes vaults may. be constructed be- 
tween them, and converted to useful purposes. 

At the terminations of the wing walls, there should. 
be newells or pilasters ; and these are made round, 
square; or octagonal, as is most suitable to the general 
design. The masonry of the wing walls is similar to 
what has been described for the outside walls of the 
spandrels. 


Or Pararets. 


The whole work having been brought up to the 
level of the cordon, or‘cornice, and that having also 
been set, the parapets are to be constructed. They. 
are made from three feet six inches to six feet in 
height above the footpaths or roadway: four feet 
four inches is quite sufficient for protection and de-. 
coration, and, is not so high as to-obstruct the view. 
Parapets of the best finished bridges, consist of a 
plinth, dado, and coping. In their large bridges, the. 
French make the thickness of the parapet two feet ;. 
ia Britain, the dado or middle member is made only. 
from 10 to 12 inches in thickness, and the plinth so 
much more as to leave an offset of about an inch. on 
each side. Ifthe plinth has mouldings on the upper. 
edges, the thickness is made somewhat more. The. 
coping is made from, six to nine inches in thickness, - 
and has projections on each: side. The top is most:, 
generally made to slope each.way from the, middle, - 
sometimes in straight lines, and sometimes. circular ;. 
and there are instances of the slope being made in one, 
inclination, from the inside to the outside. Sometimes. 
the edges are plain, and often moulded: when they , 
are plain, a cavetto-or small hollow is cut in the pro-~.. 
jecting. part of the bed, to prevent the water, which . 
falls.on the top, from running down the face of the. 
dado., In. or near to large cities and large towns, or., 
near. ta the dwellings of the. wealthy, instead of the. 
dado being all. made solid, .ballustcrs are introduced ; ; 
and these occupy. a larger or smaller space, according . 
to the fancy of the designer.’ Sometimes there are. 
half ballusters on. the outside. for appearance, ‘the: 
inside being solid.. There are situations which re-- 
quire this. The norta bridge.in Edinburgh being ex-. 
posed..to violent. gusts of wind, the open. ballusters 
were found inconvenient, and the spaces between were., 
closed along the inside. rae 

All the stones for the parapets should; be. of the. 
best quality the neighbourhood affords: they. should 
be worked and set very correctly. The ballusters are . 
frequently turned in a lathe, and have spaces cut in - 
the, plinth, and coping to receive their top..and bot- . 
tom.ends: the coping must be. secured in the end - 
jo by dovetails, cramps, or cast iron dowels. The. 

atter mode is the best ; the dowels are four inches in. . 
length, and about one inch square.: they are let into. - 
the middle of the end joints asthe stones are set; the , 
rest of the joints, especially the lower side, is made up:: 
very closely with lime mortar, or British cement, and_, 
asmall perpendicular channel is cut in each stone, : 
which,. when joined, communicates from the top to.. 
the dowell; down this melted lead is poured,. which 
fills up the space round the dowell, and also the small 
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lead. 

The outline of the cornice and parapet should be: 
a curve for the whole length of the bridge,. which: 
abutting on each shore, conveys a stronger idea of se-’ 
curity, than when the top is a horizontal line; but 
the real advantage is the road way. being kept con- 
stantly clean and dry. 

In bridges when the parapets are made solid, and 
where proper stones can be procured, it is advisable 
to make each parapet. of one row of stones, about 
three feet six inches in height, and diminishing from 
12 or 14 inches at the bottom, to 8 or 9 inches at the: 
top, which is made convex: each joint should be well 
secured by iron dowels. 

Where parapets are made of rubble masonry, from 
18 to 24 inches in. thickness is required, to admit of* 
two stones in breadth. These should be carefully 
bonded together,.and coped, either with a course of’ 
squared stones dowelled together, or otherwise. with 
stones about nine inches in-depth set on edge. These’ 
parapets should have their top. and: coping curved: 
down to the ground:‘at- each end; aud be there se-~ 
cured by.a stone of considerable size, fixed ‘firmly, 
under the surface. 


Or tus Roapway. 


-In‘places.of great thoroughfare, there are usually: m adway. 


footpaths : indeed, for the protection and comfort-of 
foot paesengers,.who form the greatest proportion of | 
mankind, footpaths ought to be made. along every’ 
bridge, and also every road. . Nothing .can: be-more 
degrading and unfair, than that those. very persons; 
by whose labours bridges: and: roads are obtained, 
should be mixed with, and exposed to be trampled on. 
by horses; or crushed by wheel carriages. =s 4 
‘When the spandrels have been covered by arches 
or. fiat.stones, it is only necessary; for the footpaths, 
to build-with rubble stone foundations for the outside’ 
curbing.. This curbing-should be of hard stone. (say- 
pen) about from: 12 to: 1& inches in depth ; and 
rom 6 to. 9 inches.in-thickness: on the upperiedge.: 
Their lengths should be as: great-as can be convenient= 
ly procured, and they should be set in lime mortar. 
The. space between the curbing andthe: parapets, 
should be paved with hard flag stones,’3 or 4 inches in: 
thickness, well faced and jointed. They should:be laid 
in. lime mortar upon a bed of coarse sand, or clean gra~ 
vel. In-large bridges, the whole-of the. footpaths 4s: 
sometimes covered with granite. The breadth of foot- 
paths varies fromthreeto more feet: three feet willadmit ’ 
of one-person walking’ with safety; four feet sixinches ' 
will admit of two, and-six-feet of three. .The.top of 
the footpath shouldbe from 6 to 10 inches:above the 
bottom: of the side channel. Along -the outside- of © 
the curb. stones, the French: place borne or fender: 
stones ; but passengers, horses, and. carriages; may get 
entangled-and injured.by them; it is therefore pre- 
ferable-to have small. paving stones set,. forming.an’ 
inclined plane between the-outer edge of the curbing}. 
and the bottom. of thé side. channel: this.willeffec- 
tually prevent carriages from-coming upon the foot- 


path. 


Practice. 


536 | 


If the carriage way is to be paved, there should be 


“eeny——— laid upon the covering of the spandrels, and over the 


top of the arches, a bed of gravel mixed with loam, 


‘about from 12 to 18 inches in thickness, worked’ 


with water into the consistence of mortar. When this 
has become moderately dry and firm, squared whin 
paying stones, about four inches square, and. six to 
eight inches in depth; are to be set and well bear, 
making’ a curve across the road of four inches in 
24 in breadth 3 and that curve should be terminated by 
sinking four inches more in the distance of two feet 


from the inclined plane, which has been formed along” 


the outer edge-of the curbing stones, 


If the roadway is to be-made with gravel only, it. 


is necessary to lay it 22 inches in depth in the middle, 
and 18 inches near the sides: It should contain a small 
rhixture of loam, so that when worked with water, it 


shall consolidate and afterwards exclude water. There’ 


should still ‘be about 18 inches in breadth, on each 
side next the before mentioned inclined planes, paved 
with small squared whinstones; because by forming 
the roadway a little-convex across, and with a -decli- 
vity of 1 in 24 dengthwise, it is meant that the 
greatest proportion of water which falls on the bridge 
shall run along each side. 


In small bridges, where there are no cavities in the: 


‘spandrels, it is necessary to fill them up with coarse 
gravel with a mixtire of loam, working it with water 
as put in; and if this simple operation is carefully 
performed over the arches, the trouble and expense 
of coating with cement, and other substances, may 
safely be spared. 

- The water which falls upon ‘the roadway of the 
bridge, must be conducted beyond the extremity of 
the: wing walls, and be'there introduced into covered 
‘drains, or open paved sewers, and be afterwards car- 
ried off in the most convenient direction. : 

In or adjacent ‘to towns, walls or quays are ‘usual- 


ly carried from the abutments along the banks-of the - 


river ;. and even in the country it is frequently found 
to be advisable for protecting the abutments; bat 
as the description of this‘sort of works falls more 
properly under that of wharfs, we shall refer the read- 
er to the articles Harzour, and Intanp Naviga- 
‘tion. e, : c: 

. We have: known bridges, whose arches were of 


‘considerable size, constructed with bricks. In this.’ 
case, it is customary either to have the. whole of the ° 


piers, or atleast the upper points cased with stone ; 
‘but if the points are ‘circular, and bricks made of 
asuitable shape, and outside bricks laid headers in 
British senent the work will be sufficiently substan- 


tial. It-is ‘necessary that the bricks.for the whole - 
bridge. be made of good ‘clay, well prepared andtem- - 
pered, be burnt hard, and laid with thin beds of mor- © 
tar, but to-be properly flushed as-they are laid, and - 
grouted afterwards. dt ‘is likewise necessary, after * 


the'arches are closed, that the centres. be suffered to 


remain uatil the mortar has acquired!-a considerable’ 


degree of’ consistence. It will greatly improve the 
work, if lathe or hoop iron are laid in as it advances. 


-In respect to'the formation of arches, although it ° 


has been fully treated under. the head of . Theory, 
yet we cannot help here observing, that the mede 
‘adopted by Perronet at Neuilly. has many advanta- 
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ges ; for while the main body of the arch has a rise Practice.’ 
of about one-fourth of the span, the outside headers, “v—““ 


by being a flat segment, gives an appearance of light. 
ness, and in high floods suits the contraction of the 
vein of water entering the arch. ; 

We have been minute in treating the Practice of 
bridge building, considering it of importance to the’ 
young engineer, to be thoroughly informed of the 
most improved modes adopted in different countries by 
experienced persons. He will thus be enabled a he 


“how far all, or any of them, are applicable to the works 


he is engaged in ; or he may draw from them hints, 
which may lead him to improve upon all former prac-. 
tice ; and, at all events, this will prevent the waste of 
time in contriving modes already acted upon. We 
also conceive, that candid foreigners may profit, by 
being made’ acquainted with the British manner of 
conducting the various difficult operations connected: 
with bridge building ; for by carefully considering the: 
aécounts given by the ablest French engineers, it will- 
be evident, that perhaps one-third part of the materials 
and labour they. have hitherto used, may be saved, 
and their defects avoided by adopting modes practi- 
sed in Britain. We freely acknowledge and admire 
the portion of science which they have béstowed 
upon those important works. We are greatly in- 
debted to them for so minutely registering each ope- 
ration, and for so candidly describing their errors and 
defects. In Britain, we have no such correct jours 
nals of similar works published, and very few we sus- 
pect preserved. The cause of this, we conceive to 
originate in the French bridges having been entirely. 
under the direction of its government, who employed 
men-of liberal education, and. from whom the officers 
at the head of their department required regular and - 
minute details of each operation, from the commence- 
ment to the conipletion of every work; and for-this. 
purpose, they were no doubt furnished with a suffi- 
cient number of superintendants and clerks, who also 
acted agreeably to forms previously arranged. Where- 
as in Britain, with a very few exceptions, these useful 
works have been constructed at the expence, and un- 
der the direction of particular, and frequently very 
limited districts, communities, or individuals, whose 
chief object has, in general, been €conomy.- For it, 
they have had recourse to every means that ingenuity 
could devise, both with regard to the plans and per- 
formance. The effect of this-has beef to create.a 
great competition amongst all persons who have had 
experience, or: any idea of such works. - The desire 
of the competitors to have their proposals accepted, 
has led them to recur to every project which could 
reduce theexpence; andthough from the want ofknow- 
ledge and desire for economy in those who decided 
on the merits of the proposals, very frequently infe- 
rior ‘plans have. been adopted, yet, from the sagacity 
and good management of the practitioners, we have 
scafeely ever known, in any work of magnitude, 


‘defects similar-to those described in the most perfect 
‘of the French bridges :-indeed such defects would 


chave rendered the works so inadmissible, that the con- 
tractors would have been obliged to take down and 
reconstruct them. . 
This mode of competition, joined to the quantity 
of floating capital always in this country, ready to be 
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Practice, applied in any way which promises profit, has, of 


Wooden 
bridges. 


Prare 
CHL. 


Jate years, led to an extreme upon this principle,.and 
rendercd caution necessary in selecting, even at an ap- 
parent increase of expence, the best qualified of the 
competitors, of whom we have frequently known up- 
wards of twenty for one project. 


Woopen Bripaes. 


The superstructures of wooden bridges have been 
constructed in a variety of ways, but their abutments’ 
have usually been made of stone. In all, therefore, 
which regards the foundations and masonry of the abut- 
ments, the process is precisely similar to what has been 
described for stone bridges, only the weight and hoti-. 
zontal thrust of wooden bridges being much less, re- 
quire a smaller proportion of masonry. Where the 
streams are narrow, it is only necessary to lay beams 
across,reaching between the abutments at the distance 


’ from each other of fourto five feet from middle to mid- 


dle, and to have braces reaching from sume part of the 
face of the abutments to the lower side of each beam. 
Besides these supports, the outer beams are usually 
trussed up by means of the side railing. Across the 
beams, planking of three or four inches in thickness 
is laid to receive the gravel. A plank is also fixed 
along the inside of each railing, to support the side of 
the roadway. The railing is secured by braces fixed 
on the outside, or by strong iron knees on the inside. 

When the stream is wider than tobe reached across 


by one length of beams, the most usual way has been: 


to drive rows of piles at each length of beams, in lines 
parallel with the current of the river, at about four or 
five feet distant from each other, {middle to middle, ) 
and also fixing braces up and down the river to sup- 
‘port each pier, or row of piles. These piles are 
driven and fixed in the same manner as described for 
the foundations of stone piers. They have usually 
diagonal braces crossing each side of the row of piles 
ia the form ofan x , andwhich are bolted together at 
each pile. Tenons are formed on the top of each 
pile, upon which a cap is morticed ; and in order to 
shorten the bearings, pieces of timber are laid imme- 
diately under each beam, extending five to ten feet 
an each side of the cap. The rest of the structure is 
completed in the same manner as has been described 
for one bay of beams. A very perfect model of this 
sort of bridge was constructed by Mr Peter Nichol- 
son, upon the river Clyde at Glasgow. It is only a 
foot bridge, but the principle is excellent. See Plate 
Cll. 

Instead of driving piles for supports, frames are 
sometimes constructed on dry land, which are after- 
wards sunk in their proper situations, after the bot- 
tom has been made level to receivethem. These up- 
right frames have grated frames attached to their 
base, and which extend on each side of the upright 
frames. ‘Through the spaces formed by this excess 
of breadth, short piles are driven to keep the grating 


and frames secure. These upright frames have their” 


sides covered with planking ; and in order to add to 


their.stability, the lower part is filled with gravel or. 
Upon the edges of the frames -which © 


small stones. 
face the stream, triangular pteces of cast iron are fix-. 
ed, to prevent ice or other matter floating down the 
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river from injuring the bridge. Fender piles are Practice. 


sometimes driven, so as to form a triangle at’some little 
distance above, and opposite to each pier. This mode 
has been adopted with perfect success by Mr Telford 
onthe Severn, 8 miles below Shrewsbury. These 
pilings and frames, in deep and rapid rivers, being 
not only difficult and expensive in the first instance, 
but notwithstanding all the precautions which can be 
taken, liable to injuries not easily remedied, wooden 
bridges, of great extent, have been constructed. 
from bank to bank, without any intermediate sup- 
ports. This has been performed in different ways 
with great ingenuity. When the banks rise consi- 
derably above the level of the river, it is usual to con- 
struct the supporting frames chiefly below the level 
of the roadway. 

1. Merely by means of two principal rafters, whose 
lower ends stand on the abutments, and their points’ 
meet below the middle of the beam; or sometimes 
the upper points pass the outer beams, and meet be- 
low the top of the side railing. 

2. By the principal rafters reaching from the abut- 
ments to an intermediate part of the horizontal beam, 
and having a stretching piece between their tops. 
There are instances of this being repeated in the same’ 
bridge below the level of the beams, and also again 
in the side railing of the roadway. 

3. By constructing a series of short frames, and | 
placing them vertically in the manner of stone vozs- 
sotrs, and upon these raising the structure of the 
roadway and railing. This mode was pointed out by 
Palladio, as suitable for wooden bridges of great ex- 
tent. Gautier acknowledges that he had adopted Pal- 
ladio’s idea, in forming a design of a wooden bridge 
for the Seine ; and in England, the east iron bridges 
at Wearmouth, in the county of Durham, and at 
Boston, in Lincolnshire, are also formed ou this prin- 
ciple. 

4. A very ingenious mode has been practised by 
James Burn of Haddington, in a wooden bridge of 
109 feet 3 inches span, and 13 feet 4 inches rise, over 
the river Don, about 7 miles from the city of Aber- 
deen, onthe road to Banff. Mr Burn takes a series 
of frames in the form of an arch, but each set of 
frames. is laid horizontally across the soffit. The 
bridge is 18 feet in width; and there are two rows 
of frames, or as it were two ribs placed four inches 
distant from each other. Upon these arch frames, 
a vertical framing is constructed to support the bear- 
ers, the joists, planking, and gravel of the road- 


way. See Plate LXX XVIII. Thisbridge was erected | Pare 
in 1803. Mr Burn built another wooden bridge upon LX XXVII- 


the same principles over the same river, at Granholm, 
within four miles of Aberdeen, to open a communi-_ 
cation with the extensive manufactory of James Had- 
den, Esq. and Co. This bridge consists of two 
arches, each. 71 feet 6 inches span, and 10 feet 6 
inches rise: it hasonly 10 feet 6 inches in width of - 
soffit, and consists of one row offrames. Here there 
is, of course, a pier in the middle of the river. 

- The same artist: has likewise: built, on the same 
principles, a wooden bridge of three arches over the 
river South Esk, in the park of William Maule, Esq. 
at Brechin in Angus-shire. The middle arch is 58 
feet.span, and 10 feet rise; the bridge is 15. feet.in 
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width ‘across thé soffit; and there are two rows of 
frames in each arch, with a space of one foot between 
them. The piers are. of stone; and the spandrels of ~ 


the arches are covered with boarding, and painted 


Descrip- 
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Figs. 1,2,8.. 5 


and sanded in imitation of stone, so that the whole 
has the appearance of three neat stone arches; but 
the apparent effect of the carpentry by this means is 

lost. 

We know of'no wooden bridges in Britain so 'judi- 

ciously constructed as those executed by Mr Burn. 

Short pieces of timber may be employed. The principal 
pieces abutting: endwise, little change can take place 

from shrinking. The principle will admit of carrying 

an arch: to a very: preat extent ; and by judicious ar- 

rangement; the parts may be taken out and renewed 

separately. 

When it is necessary to keep the roadway low, the 
trussing is performed chiefly above its level. When 
the bridge is narrow, the supporting framing 1s made 
entirely on each side, and the roadway suspended 
between. When it is wider than is advisable to have 
supported entirely by outside frames, another is in- 
troduced on each side of the carriage way, separating 
it from the foot-paths; or there are two carriage 
ways, with a frame or truss between them. 

- ‘The following short description, extracted chiefly 
from a publication by Mr Taylor of Holborn,to whose 
jadicious exertions the British artists are much indebt- 
ed, with the annexed Plates, will convey a distinct 
idea of the manner in which the ingenious Ulric Gru- 
benman constructed the celebrated bridge over the 
Rhine at Schauffhausen, in Switzerland. Fig. 1; 
Plate LX XXIX., exhibits an elevation of one side, in- 
cluding the roof, which was covered with shingles. 
Fig. 2 is a cross section at AAA, shewing the up- 
rights which are placed on the pier, the framing un- 
der the level of the roadway, the points from whence 
the. braces proceed, the mortices for the beams which 
support the roadway, and the interior construction of 
the roof at these uprights. Fig. 3 is also a erosssec-. 
tion at B, shewing in what manner the aforesaid 
roadway beams and the braces pass through the 
other uprights, how the uprights are connected im- 
mediately below the roof, and also how the two pie- 
ces of which they are composed are bolted together. 
Fig. 4 shews the form of the roof at that place. Fig. 
5:shews the manner in which the roadway beams, and 
those along the top of the uprights, are united. And 
Fig. Gexplains the nature of the points at C and-D, 
by which the several: pieces which compose the beam 
are connected together lengthwise. In Plate XC. 


. Fig: 1, is a-longitudinal section including the lower 


art of the roof; and in which the situations of all - 
the uprights, beams, braces, andiron ties, are distinct- 
ly shewn, Fig. 2 is a plan of the floor, with every 
part of its framing ; and Fig. 3 is a similar plan of . 
the roof, 

In. these Figures every part of the construction 
is--so particularly delineated, as to render its of- 
fice evident by inspection. The braces ‘proceeding 
from-each abutment, are continued to the beam which 
passes along the top of the uprights, and the lowest 
of these. general braces are. actually united under that 
beam, thereby forming a continued arch between the 
abutments, the chord line of which is 364 feet, and 


BRIDGE. 


versed sine about 30 feet. “These braces are  Prattice. 


the ‘ é Sa 
kept in a straight direction by the uprights, which 
are placed 17 Pet 5 inches apart. If thie bridge had 


been formed in a straight line between the abutments, 
we can see no reason why this form of construction 
should not have supported a roadway of about 18 
feet in breadth, as well as a slight roof ; because, in 
that case, all the weight arising from the braces which 
proceed from the middle pier would have been saved, 
and the roof might have been made much simpler and 
lighter ; but the general direction being 8 feet out of 
a straight line, and being loaded with an unnecessa- 
rily heavy roof, it was certainly advisable to make 
use of the braces from the middle pier, and thereby 
composing two distinct arches. 

. Although the principles, and even the form of con- 
structing this .bridge, might have been drawn from 
Gautier’s publication, or even Palladio’s designs for. 
wooden bridges, yet from the account of Ulric Gru- 
benman, being an illiterate man, there is reason to 
think it was from his own inventive genius that the 
whole design originated. There is not only a great 
boldness in the principal members, but also a wonder- 
ful attention to all the minutie of the edifice; and from 
even the roofing being overdone in aiming at excel- 
lence and security, it 1s.evident this was a first at- 
tempt, and that there was an anxiety to avoid the 
possibility of failure, in what he conceived, and what, 
as far as regards him, was really a totally new project. 

We are informed that John Grubenman construc- 
ted a bridge upon the same principles, of 240 feet 
span, over the Rhine, near Richenau ; also that the 
two brothers erected one 200 feet span over the river 
Limmat, near Baden. And that the last work of 
Ulric was a bridge of 230 feet span at Wittingen. 
In this last, the form of construction was varied : ine, 
stead of placing the braces diverging from each other, 
seven beams were built close upon each other, form- 
ing a catenarian arch between the abutments,. of 
which the rise was 25 feet. These beams were. of 
oak, in lengths of 12 or 14 feet, breaking joint in 
the manner of masonry. They were not fastened by 
pins, bolts, or scarfings; but were kept together by 
tron straps, placed five feet distant from each other, 
and fastened by bolts and keys. ‘the roadway inter- 
sects them about the middle of their rise. 

Over the river Portsmouth, in North America, a 
Mr Bludget has constructed a wooden bridge 250 
feet span, neatly in the same form as the last men- 
tioned of Grubenman; that is to say, each truss or 
arch consists of three rows of beams placed parallel 
with, but at some distance from, each other, and each 
beam consists of two halves, connected by dovetailed 
keys passing through them horizontally ; and similar 
keys are also passed vertically through all the three 
beams. This has a more elegant appearance, than 
where the beams are laid close together; but we doubt 
if the frame is equally tirm. ; 

_ We have now given a succinct account of the dif- 
ferent modes in which wooden bridges have been 
constructed : from this, the practical mechanic may 
judge of their comparative merits, and the propriety 
of their applications in the various situations occur- 
mngin practice. Their principles will be discussed un- 
der the head of Carpentry, as connected with roof: 
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_masterly manner, under the directton of Abraham Der- 


ing, centres, domes, &c. and we must therefore refer 
the reader to that article for further information upén 
thie useful and generally interesting subject. 
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In the practice of bridge building, there yet re- 
mains to be described a mode not only unknown to 
the ancients, but unquestionably a late invention of 
British artists. We are not perfectly certain with 
whomthe proposal first originated, whether it wassole- 
Jy with the Coalbrookdale Company, or whether the 
Jate Mr John Wilkinson had some share of the merit; 
certain it is, he was very active in promoting the first 
iron bridge. . ' 

A thorough discussion of this subject would in- 
volve an investigation of the principles of working 
with iron as a material; but for this we must refer to 
the article Iron; yet as our readers would naturally 


-bedisappointed, if, under the head of Bridge Building, 


no notice was taken of the modes hitherto practised 
in this important change of bridge operations; we 
shall therefore, notwithstanding the length to which 
we have unavoidably been led to extend the present 
atticle, give a short account of the different modes 
practised in the principal iron bridges which have 
hitherto been constructed. : 

The first, as has already been observed, was that 
erected upon the Severn, a little below Coalbrook- 
dale, where that river is narrow and rapid. See 
Plate XCI. The abutments are of stone; they are 
brought up to about 10 feet above the surface of 
common low water; here they have each a platform 
of squared freestone for ten feet breadth, which serves 
for a hauling way, and a base for the arch to spring 
from. Upon this platform, cast iron plates, four 
inches in thickness, are laid, and formed with sockets 
to receive the ribs. These plates, in order to save 
metal, have considerable openings in them. The 
principal, or inner ribs, which are five in number, and 
which form the arch, are 9 inches by 64. The 
9d row behind them, and which are cut off at the 
top by the horizontal bearing pieces, are 6} by 6 
inches; the $d row are 6 by 6 inches; the upright 
standards behind the ribs are 15 inches by 63 inches, 
‘but they have an. open space in the breadth of 52 ; 
the back standards are 9-inches by 64, with projec- 
tions for the braces ; the diagonals,-and horizontal 
ties, are 6 inches by 4 inches, and the cast iron tie 
bolts are 24 diameter. The covering plates, which 
are 26 feet in length, reaching quite across the bridge, 
are one inch in thickness. The great ribs are each 
cast in two pieces, meeting at the keys, which, as the 
arch is circular, 100 feet 6 inches span, and 45 feet 
rise, are about 70 feet in length. There are circular 
rings of cast iron introduced into the spandrels, and 
there isa cast iron railing along éach side of the road- 
way of the bridge: the weight of the whole of the 
iron work is $782 tons. Behirid the iron work, -at 
each extremity of the arch, the abutments are carried 
up perpendicularly of rubble masonry, faced with 
squared stone, and the wing walls are also of the 
same. materials, 

The iron work was cast and put together in a very 
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by, of Coalbrookdale ; and the whole was completed in 
the year 1777. The design was original and very bold, 
and was, as far as the iron work goes, well executed ; 
but being a first attempt, and placed in a situatian 
where more skill than that of the mere iron master 
was required, several radical defects are now apparent. 
The banks of the Severn are here remarkably high 
and: steep, and consist of coal measures, over the 
points of which vast masses of alluvial earth slide 
down, being impelled by springs in the upper parts of 
the banks, and by the rapid stream of the river, which 
dissolves and washes away the skirts below: The 
masonry of the abutments and wing walls not being 
constructed to withstand this operation, has been.torn 
asunder, and forced out of the perpendicular, more 
particularly on the western side, where the abutment 
has been forced forward about 3 or four inches, and 
by contracting the span, has of course heaved up the 
iran work of the arch. This has been remedied un- 
der the direction of that able mason Mr John Simpson, 
of Shrewsbury, as far as.the nature of the case will 
admit of, by removing the ground, and placing piers 
and counter arches upon the natural ground behind 
it. Had the abutments been.at first sunk down into 
the natural undisturbed measures, and constructed.of 
dimensions and form capable of resisting the ground 
behind, and had the iron work, instead of being: for- 
med in ribs nearly semicircular, been made flat seg~ 
ments, pressing against the upper parts.of the abut- 
menis, the whole edifice would have been much:more 
perfect, and a great proportion of the weight of metal 
saved. . We have already stated, that one-row of the 


" principal ribs formed the arch ; the two-rows behind. 


are carried concentric with the inner.row, until inter- 


Practice. 


sected by the roadway, which passes immediately at . 


the level of the top of the inner ribs. Thishas a mu- 
tilated appearance ; the circular rings of the spandrels 
are less perfect than if the pressure had-been upon 
straight lines ; for a circle is not well calculated for 
resistance, unless equally pressed all round. 

We consider it our duty to introduce these obser- 
vations, in order to. shew the necessity for great pre- 
caution in similar works, and how liable first attempts 
are to be defective ; ‘but they derogate nothing from 
the merit of projecting a great arch of cast iron, ine 
trodueing a material almost incompressible, which is 
readily moulded into any shape, and which is peculiar. 
ly applicable in the British isles, where the mines of iron 
are inexhaustible and the means of manufacturing cast 
iron unrivalled. ; 

The second iron bridge was built. upon the same 
river, about three miles above the former one, at a 
place called Buildwas. An old stone bridge was 
carried-away by a very high flood early: in 1795,.and 
the county of Salop was obliged to restore the com- 
munication. Mr Telford, who was then, and-is now, 
surveyor for the public works of. that county,. per- 
ceiving, that although, in a former repair, the middle 

ier of the four. arches. had been taken away, and 
that space, as well as the two adjacent: arches, con 


. verted into one-arch, yet that the water way had still 


beén:teo much confined ; and being aware that. a few 


_ years previousto thattime, the extensive low lands inte 


Montgomeryshire,which formerly acted as a reseryoiry 


At Build: 


was. 
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Miner off more hastily, and in a greater body than for- 


merly ;.in order, therefore, to. remove all obstacles 
out of the way of future flocds, and on. account of 


_ being within two miles of the best founderies in the 
-world, he recommended a cast-iron arch of. 130 


feet span. (See Plate XCII.) The magistrates 
of the county agreed to this, and the Coalbrookdale 
Company became contractors, both for the iron work 
of the arch, and the masonry of the abutments... Mr 
Telford, we understand, had some trouble in making 
that Company depart from their former mode of 
‘construction ; but-he at. last prevailed in keeping the 
.toadway low, and adopting the suspending principle, 
by means of a rib on each side of the bridge, which 


spring from a lower base than the bearing ribs, and 
:rose above them tothe top. of the railing : thus the 


bearing ribs were supported by the lower parts of 


. those before-mentioned, and, were suspended. by their 
_upper.parts, . 
130, or nearly one-eighth of their span... The: sus- 


The bearing ribs have a curve of 17 in 


pending ribs rise 84 feet, or about. one-fourth of their 
span.. ‘There are cast-iron braces, and also horizon- 
tal ties. There are 46 covering plates, each 18 feet 
in length, and one inch in thickness. They have 
flaunches four inches in-depth, and are screwed toge- 
.ther at each joint ;. so that, by taking the curvature 
-of the bearing ribs, and being firmly secured at the 
abutments, instead of a load, they compose a strong 
arch, There being only one rib in the middle of 
18 feet breadth of bridge, on each covering plate, a 
cross rib or flaunch, four inches in depth, is cast at an 
equal distance between the bearing ribs. . The sus- 
pending ribs are each 18 inches in depth, and 2¢ 
inches in thickness, exclusive of a moulding. The 
bearing ribs are 15 inches in depth, and 22 inches in 
thickness, and each of the ribs are cast in three 
pieces only, of about 50 feet each; the braces are 
5 by 3 inches. ‘The principal king posts are 102 by 
45 inches. ‘The springing plates are each. 3 feet 
broad, and 3.inches thick, with openings to save me- 
tal. The uprights against the abutments. are 4 
inches square. ‘The strongest uprights in the-rail- 
ing are 3,inches square, and those between them | 
‘inch. They are placed 6 inches apart, between Zi 
middle and middle. The height of the railing above ~ 


the surface of the roadway, is 4 feet 9 inches. In 


each spandrel there are three circular arches formed 
.with hard burned bricks, which preserve most of the 
space open, -but they are concealed by iron plates, 
one inch in thickness, which form the outside facings, 
On the eastern side Of the river, although-the banks 
are. not so very high or steep, the quality of the 
ground being similar to that of the other iron bridge, 
particular care was bestowed upon the abutments: 
the space.for them was excavated down to the rock, 
which lay considerably under the bed of the river, 
and the masonry was sunk into the solid part of the 
rock. It was built up chiefly of square masonry, 
and the rest of rubble, laid very close in regular 
courses, and having the back part. formed in the 


shape of a wedge, pointing to the bank. The wing 


walls were curved horizontally and vertically. At 

the height of 10 feet above the low water, there is 

a hauling path on each side of the river. This 
G 
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bridge, which. was completed in 1796, has never Practice: 


yewn any appearance of failure in any of its parts; 
nothing ‘canbe more perfect. than. the iron: work ; 
it is Gtted as correctly as a piece of good carpentry. 

It has been objected to this structure, that by coa- 
necting ribs of different lengths and curvature, they 
are exposed to different degrees of expansions and — 
contractions. This appears just-in theory; and that 
no discernible effect has hitherta. been produced,’ is 
probably from the difference being small; but this 
point will be discussed under the article Iron. Ano- 


‘ther objection is, an apparent heaviness in the span- 


drels, from concealing the circular arches with iroa 
For appearance, these spaces had certainly 
better not been concealed, but they are. not liable to 
the objections made in the former iron prges be- 
cause the space around them is all closely filled up, 
and the roadway being formed with materials similar 
to this filling up matter, distributes the pressure -very 
regularly. Upon the whole, considering the strength 
acquired by placing the covering-plates with~ their 
deep flanches, in the form of an archy we doubt 
whether a greater degree of strength can be had by“ 
any other distribution of the same quantity of:cast- 
iron, viz. 1734 tons: it appears to us, that the up- 
right standards, braces, and king-posts, might be 
made of smaller dimensions. 

We have. been informed, that each of these two 
first iron bridges, including abutments and roadways, 
cost about L. 6000. ; 


The third iron bridge was constructed“ over the At Sunder 
river Wear, near Sunderland, in the county of Dur- land, 


ham. Its projector was Rowland Burdon, Esq. a 
gentleman of considerable landed property in that 
county, and. who, for some time, represented it in 
The iron work was cast at the foun- 
deries of Messrs Walkers of Rotherham, and erect- 
ed under the inspection of Mr Thomas Wilson. The 
contidence in the use of iron, for arches of great ex. 
tent, was by this time established. he span of the 
second arch, we have seen, is 30 feet more than that 
of the first; and, in this third instance, the span is 
106 feet beyond that of the second, although its rise 
is- only the. same as that of the suspending ribs at 
Buildwas. The arch at Sunderland springs 60. feet 
above the level of the surface af low water;. the 
span is 236 feet ; the rise, or versed sine, is 34 féet ; 
the width of the roadway $2 feet; and there ar 
tibs. _ See Plates XCI. and XCHI. 


different from either of the former. Instead of work- 
ing with pieces of iron from about 50 to 70-feet in 
length, each rib is here composed of 125° small 
frames, each about two feet in the length ‘or curve 
of the rib, and five deep in the direction of the ra- 
dius. Ineach frame there are three pieces of four 
inches square, which run in the direction of the 
curve of the arch; and these are connected in the 
direction of the radius by two other pieces, four by 
three inches. . In each side of the larger. pieces, is a 
groove three inches broad by < of an feck in depth 3 
and.opposite each cross piece there is a hole in the 
middle of the groove... When the abutments were 
brought up, and a scaffolding constructed across the 
river between them, six of these frames were placed 


are SIX prares 
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agnioss the abutments in the manner of archstones. 


Wrought-iron bars, of alength to embrace sundry: 


frames, were then fitted into the grooves. Hollow 
pipes of cast-iron, four inches in diameter, fitted to 
reach between each two frames, across the soffit, 
were introduced. Upon the ends of these pipes are 
flaunches, in which there are holes, answerable to the 
holes in the four-inch pieces of the frames, and also 
to those of the wrought-iron bars. Through these 
holes, wrought-iron bolts ‘were introduced, which 
brought all the before-mentioned parts together by 
means of fore-locks. The frames do not meet at the 
upright pieces, but on the three points of the four- 
inch pieces only. On the ends of the hollow pipes, 
there are small projecting pieces, which embrace the 
upper and lower edges of the frames opposite each 
joining. These operations were repeated until the 
‘whole of the frames were placed, and.the arch key- 
ed, forming six ribs between the abutments. Upon 
the ribs perpendicular pillars are placed; and be- 
tween them are cast-iron circles, which come in con- 
tact with the extrados, the upright pillars, and the 
bearers of the roadway. The bearers and covering, 
‘we suppose for cheapness, are made of timber. The 
railing 1s cast-iron. The inclinations each way upon 
the arch, probably to save weight, are inconvenient- 
ly steep. : 

From its great elevation, and lightness of con- 
struction, this bridge is justly esteemed a bold effort 
of art, and a magnificent feature in the country. The 
wooden bridges in Switzerland, and that in America, 
are of greater span; but, being placed near the sur- 
face of the water, and from the difference of materi- 
al, their parts being of larger dimensions, there can 
be no comparison as to the fineness of effect. This 
arch is incontrovertible evidence of what may be-ac- 
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_ Acast-iron bridge has lately been built over the At Boston. 
river Witham, at Boston, in Lincolnshire, from a de- py aye 
sign by Mr Rennie. The span is about 85 feet; the xu. 


rise is about five feet six inches, the breadth is 36 
feet, and there are eight ribs, each rib is composed 
of eleven frames, three feet depth in the direction of 
the radius. At each joining there is a cast-iron grat- 
ing across the arch, which eonnects the frames, oa 
the same principles as practised at Pontcy- 
sylte aqueduct. Instead of three pieces in the direc- 
tion of: the curve,-as at Sunderland, here there are 
only two, but they are seven inches by 44. . These 
are, in each frame, connected in the direction of the 
radius, by pieces four by three inches.. Upon the 
back of the ribs,’ pillars, four by three inches, are 
placed perpendicularly to support the roadway: The 
superstructure resembles that: of the first iron bridge 
at Coalbrookdale. The arch has been kept very 
flat, to suit the tide below, and the streets above. 
The rise being only about'+4, of the span, is another 
proof of the facilities which may be acquired by 
using cast-iron, The frames being made about four: 
times the length of those at Sunderland, and being 
connected with cast-iron gratings instead of wrought- 
iron, are essential improvements; but from the 
pieces in the frames, which are in the direction of the 
radius, being only four by three inches; while- the 
main pieces, in the direction of the curye, are 7 by 
43, a great'proportion of the former are broken. This. 
is a defect’; and the pillars which support the: road- 
way, :being perpendicular, do not: correspond with 
the radiated pieces of the frames, The ribs, in spring- 
ing from the perpendicular face of the masonry of 
the abutment, have also a crippled appearance. . 


while vessels of 200 tons are passing full rigged be- Practice. , 


complished by means of cast-iron, since it answers so 
‘well, charged, as it is, with the fellowing, we con- 
ceive, material defects : 


- ..In improving the port of Bristol, Mr Jessop found At Bristok 
it necessary to change the course of the river Avon, PuatE 
‘and to make two cast-iron, bridges over the new *CIV- 


1. The frames are much too short, thereby multi- 
plying, very unnecessarily, the number of joinings in 
the main ribs to 125% 6==750; and, in the same ra- 


.tio, increasing the number of braces, ties, and bolts. 


The pieces of the frames, being of unequal dimen- 
sions, is also improper. aot 

2. The preservation of the due position of the 
fraines is’ made to depend too much upon wrought- 


dron bars, and bolts, which: should be, as much as 


possible, excluded from structures of this kind. 
3. The circles in the spandrels, placed. as supports 


for the roadway, we have already stated, are im- 


proper in. a situation where they. are not equally 
pressed around. 
We shall observe nothing respecting the timber 


_in the superstructure, because this is mere economy 5. 


if properly managed, any bad effects from the differ- 
ence of. expansion and contraction in the two mate- 
rials, may.be easily avoided ; and the timber, not in- 
terfering with the essential parts, it may, when ne- 
cessary, be removed, with little interruption to the 
intercourse over, and none to’that, under this ‘noble 
arch. We cannot here resist drawing the attention 
of our reader to the perfection. of this double accom- 
modation, in crossing this deep ravine-with facility, 


channel. The span-of the iron-work of each arch is 
-100: feet ; the'rise 12 feet 6 inches, or 4 of the span:; 
the breadth is 30 feet ;-and thene -dre six ribs ; each 
rib is composed of two piecés: nieetingrin, the middle, 
-and they are connected. crésswise by. nine cast-iror 
ties,’ which are dovetailed, and wedged into the ribs; 
ithe cross sections of these ties are-in this form T. 
:Fhé ribs starid upon abutment-plates, which are laid 
‘in the direction of the radius.’ These; plates. ane 
32 feet in length, ‘2 feet 4 inches in breadth, and. 
inches in. thickness ;- in each plate are five apertures, 
each 5: feet long and 20'inches in width.’ The ribs. 
‘are 2 feet 4 inches in, depth in the direction.of the 
' -yadius, and two. inchés. in thickness, and haye-each 
.80 apertures, one- foot square, deparated.. by -bars 
«three-inches:broad, excepting opposite the cross tics,. 
- where the solid is. 12 inches: broad.: Where the ribs 
‘meet in the middle, they. have-flaunches eight inches. 
broad and two thick, and. they are connected by- cast- 
“4ron screw-bolts three inches diameter... Between the 
-ribs-and. the bearers of the raadway; perpendicular 
. pillars, with crose sections of this form T,’are placed.. 
The bearers are of the same: form.--The whole’is co- 
»-vered with. cast-iron plates; and‘there.are-railings of 
’ cast-iron. 


‘ing’ placed ‘in’ the direction -of -the:radius, and the 
-abutments receding to produce :a-space-: behind the 
-ribs equal to that between the upright pillars. 2. The 
ribs being composed of two’ pieces, and one-joint on- 
ly: and, 3. Wrought-irom being wholly ‘excluded. 
But we regret still observing the varying. dimensions 
sof the parts of the ribs; and that the supporting 
pillars are’ still placed ‘perpendicularly; and which, 
-as the arch has more curvature, has still a worse éffect 
than at. Boston. 
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general ‘appearance, ae : 
‘Ina printed: réport of a committee -of: the House. 
of Commons, of the last session, we finds setheiney 
information respecting centering for'.am: ixou-bridge, - 
which, a3 it promises to forma new exe inte ee 
building, we are happy in being enabled to Jay it-be} 
fore our readers. : 
This subject has been brought under discussion.in New me. 
the course of tiesinatng te most effectual modd:thod of 
“centering: 


of improving the mail-roads from Holyhead through 


Over the In the course of hisemployment as engineer ‘to the North ‘Wales. The island of Anglesea ig. divided Be Tele 
‘Menai, = Board of | Parliamentary Commissioners’ for making from Caernarvonshire by the celebrated-strait:or avm ford, 
Roads and constructing Bridges in the Highlands of the sea named the Menai, through which: the tide. 
of ‘Scotland,.Mr Telford has lately made a idesign flows with great velocity ; and, from local :eircums 
for a cast-iron bridge now constructing upon-an arm stances, in a very peculiar manner. This renderg 
of the: sea:which divides the county of Sutherland the navigation difficult; and it has always beena 
from that of Ross, at a part where several’ of these formidable obstacle in the before-mentioned commu- 
roads unite.’ In this bridge, the defects noticed in nication. ‘It has hitherto been crossed by a ferry 
the former works of this sort appear to ‘be avoid- boat at Bangor; but the inconvenience and: risk ats 
PiatrC. ed.. See Plate C. . The-arch. is 150 feet‘span; it tending this mode, has led to speculations .of im. 


rises 20-feet,.it fs 16° feet in’ width, and has four 
ribs. In the abutments, not only are the springing- 

lates laid in the direction of the radius, but this 
foe is continued up ‘to the roadway. The springing- 
plates are each 16 feet in length, 3 feet in breadth, 
and 4 inches in'thickness, with sockets and shoulder. 
pieces to receive the ribs. In each plate dre three 
apertures, three feet in length, and 18 inches in 
width. ‘Each of the ribs, for the conveniency of 
distant sea-carriage, is composed of five pieces, three 
feet in depth in the direction of the radius, and. two 
and ahalf inches in thickness. There are triangular 
apertures in the ribs, formed'by pieces in the direc- 
tion of the radius, and diagonals between them ; but 
every part is of equal dimensions?’ ‘At every:joining 
of the pieces of the ribs, a cast-iron grating passes 
quite across the arch; upon these are joggles: or 
shoulderings to receive the ends of the ribs: the-ribs 
shave also flaunches, ‘which are fixed to the grat- 
ings with cast-iron screw-bolts, Tach rib is: pre- 
Served in a vertical plane, by covering. the whole 
with grated, flanched-plates, properly“ secured. to- 
gether, and to the top of the ribs, by cast-iron 
screws and pins. In the spandrels, instead'of circles 
or upright pillars, lozenge, or-rather triangular forms 
are introduced, each cast in one frame, with a joggle 
at its upper and lower. extretities, which .pass into 
the sockets formed on the top of the ribs, and in the 
bearers of the roadway. Where the lozenges meet 


in the middle of their height, each has asquare' notch | 


to ‘receive a.cast-iton tie,: which ‘passes from each 
side, and meets in the-middle.of the breadth of the 
arch, where they are secured by forelocks. Next to 
the abutments, inorder to suit the inclined face of 
‘the masonry, there.are-half lozenges. By means of 
these lozenge or'triangular forms, the points of pres- 
sure ate preserfted:in the direction of the radius. 
"The covering-plates, ‘in order to preserve a sufficient 
degree of: strength, and lessen the weight, are, in- 
stead of solid, made of ‘a reticulated. shape; the a- 
pertures' widen below, to lave the matter between 
them a narrow edge ; and contract upwards, soas to 
prevent the matter of the roadway from falling 


provement for half a century past ; wooden bridges, | 
and embankments, with draw-bridges, have been al- 


ternately proposed and abandoned. From a report 


of the House of Commons, of Jurie 1810, it appears, — 


that Mr Rennie the engineer, had given plans and 
estimates for bridges at this place, in 1802, and had 
been.called on to revise them in 1810. . His plana, 
which appear in the last-mentioned report, ate, 
Ist, One arch of cast-iron, 450 feet span, over the 
narrowest part of the strait, at a projecting roek 
named Ynys-y-Moch: and 2d, Andther upon-the 
Swilley Rocks, consisting of three cast-iron ar¢hes, 
each 350 feet span. The expence of that at Yays-¥- 
Moch is-estimated at L. 259,140, and.of that at Ai 
Swilley, L. 290,147. He prefers the latter; Sex 
cause he says, ‘* On account of the great’ spah-of 
the arch at Ynys-y-Moch, and the difficulty and 


‘hazard there will be in constructing a centre to span 


the whole breadth of the channel at low water, witht 
out any convenient means of supporting: it: in ‘thie 


-middle, on account of the depth of water and rapi- 


dity'of the tide, or of getting any assistance from 
vessels moored in- the channel to.put it up; I -will 
not say it is:impracticable, but I think it teo hazard. 


~ous to be recommended.” And again,'in the. same 
‘report: “ I should be little inclined to undertake 


the building a bridge at Ynys-y-Moch.” : 
But from the report of Jane 1811, it appears, that 
in May 1810, Mr Telford was instructed - by the 
Lords of the-Treasury, to.survey, and report: upon tlie 
best method of improving the lines of communication 
between Holyhead and Shrewsbury, and also be- 


‘tween Holyhead and Chester; and to consider,-and 
‘give plans for passing the Menai. In the aforesaid 


report {of 1811) we have his. plans and. estimate. 
is explanations we shall give in his own words, 

“ Phe duty assigned me bein g to consider, and: re- 
Port’ respecting a bridge across the Menai, I shall 
confine myself to this object. Admitting the im- 
portance of the communication to justify acting en a 
large scale, I not only consider the constructing a 
bridge practicable, but that two situations are re- 
markably favourable. It is scarcely necessary to ob- 


BRIDGE. 543 


perfect scheme of passing the Menai; and it would, Practice. 


Practice. serve, that one of these situations is at the Swilley 
in my opinion, be attended with the least inconveni- ““v"—™" 


ery rocks,-and the other at Ynys-y-Moch. These two 


being so evidently the best,*the only question that 
can arise is, to which of them the preference’ ought 
to be given, 

* From the appendix to the second report to the 
Holyhead roads and harbour, it appears, that a con- 
siderable number of small coasting-vessels, viz. from 
16 to 100 tons, navigate the Menai, and that there 
have been a few from 100 to 150 tons. By state- 
ments from the principal shipbuilders in the river, 
made in the year 1800, to the Committee for im- 
proving the Port of London, it also appears, that 
vessels of 150 tons, when they have all on ‘end, dre 
only 88 feet in height above the water-line; and 
further, that even ships of 300 tons, with, their top- 
gallant-masts struck, are nearly the same height : 
these, in the Menai, are extreme cases, and, if pro- 
vided for, ought, as to navigation, to satisfy every 
reasonable person ;, it may, indeed, rather be a ques- 
tion, whether the height should not be limited to 
vessels under 100 tons, ‘by which the expence of a 
bridge would be considerably diminished. 

«Tn the plans I have formed, provision is made 
for admitting vessels of 150 tons to pass with. all on 
end; that is, in one design preserving 90 feet, and 
in the other 100 feet between the line of high water 
and the lower side of the soffit of the arch. The 
first design is adapted for passing across the threé 
rocks, named the Swilley, Benlass, and Ynys-well- 
dog; which, by their shape and position, are singu- 
iar suitable. To embrace the situation most per- 
feetly, I-have divided the space into three openings 
-of 260 feet, and two of 100 feet each; making piers 
each 30°feet in thickness. Over’ the three large 


opefings, the arches are made of cast-iron ; over the’ 


smaller spaces, in order to add weight and stability 
to the piers, semicircular arches of stone are intro- 
duced ; but over these, as well as the larger open- 
ings, the spandrels, roadway, and railing, are con- 
structed of cast-iron. In this way the navigation is 
not: impeded, because the, piers standing near thé out- 
er édges,‘are guards for preventing vessels striking 
upon the rocks ; while the whole structure presents 
very little obstruction. to the wind. From the ex- 


tremity of the abutments, after building rubble walls’ 


abévé-the level of the tideway, I propose carryin, 
embauknients until the roadway reaches the aan 
ground, The annexed drawing will sufficiently ex- 
plain the nature of the design. _I propose the bridge 


to be 32 feet. in breadth ; and, -from minute caleula-_ 


tions made from detailed drawirigs, I find the expence 


of executing the whole, in-a perfect manner, atnounts: 


to: L. 158,654. ee eee 

“The other design is for the narrower strait, 
calléd “Yays-y-Moch. ‘Here the situation is particu- 
latly favourable-for constucting a bridge of one arch ; 


and making that 500° feet ta leaves the naviga-- 


tidn'-ag free'as at: present. “In this I have made the 
height 100 feet in the clear at’ high-water spring- 


tides; and’ I propose this bridge to be 40 feet_m~ 
breadth. ‘Estimating from drawings, as already de- 
scribed,. I find the expence to be L.127,331, or: 
L31,323 less than the former. From leaving the. 


whole ‘channel unimpeded, it. is certainly ‘the most 


ence and risk in the execution. 
«< In order to render this evident, I have made a 


drawing, (see Plate C.) to shew in what manner Prarec. 


the centering or frame, for an arch of this mag- 
nitude, may be constructed. Hitherto, the -cen- 
tering has been made by placing supports and work- 
ing from below; but in the case of the Menai, from. 
the nature of the bottom of the channel, the depth at’ 
low water, and the great rise and rapidity of the tides, 
this would be very difficult, if not impracticable, [ 
therefore propose changing the mode, and working. 
entirely from above, that is to say, instead of sup- 
porting, I mean to suspend the centering. By in- 
specting the drawing,,the general principle of this 
will be readily conceived. 

* I propose, in the first place, to build the masonry 
of the abutments as-far as the lines AB, CD, and in 
the particular manner shewn in the section. Having 
carried up the masonry to the level of the roadway, 
I propose upon the top of the abutments to construct 
as many frames as there are to be ribs.in the center 5 
and_of at least an equal breadth with the top of each- 
rib. These frames to be about 50 feet high above the” 
top of the masonry ; and to be rendered perfectly 
firm and secure. “hat this can be done, is so evi- 
dent, I avoid entering into details respecting the mode. - 
These frames are for the purpose of receiving strong 
blocks or rollers and chains, and to be acted upon by 
windlasses or other powers. 

“© T next proceed to construct the center itself: it - 
is proposed to be made of deal bulk, and to consist 
of four separate ribs; each rib being a continuation 
of timber frames five feet in width at the top. and 
bottom, varying in depth from 25 feet near the'abut- - 
ments to 7 feet 6 inches at the middle or crown. - 
Next to the face of the abutments, one set of frames, 
about 50 in length, can, by means of temporary scaf- 
folding, and iron chain bars from the beforementioned ' 
frames, be readily constructed, and fixed upon the 
offsets of the abutments, and to horizontal iron ties - 
laid in. the masonry forthis purpose. A set of these » 
frames, (four in number,) having been fixed against . 
the face of each abutment.; they are to be secured - 
together by cross and diagonal braces, and there being 
only spaces of 6 feet 8 inches left between the mbs, 
(of which these frames are the commencement, ) they: 
are to be covered with planking, and the whole con-. - 
verted into a platform, 50 feet by 40. . By:the nature, - 
of the framing, and being secured by horizontal and ° 
suspending bars, I presume every person accustomed: ’ 
to-practical operations. will. admit, that these plat- 
formis may be rendered perfectly firm and secure. 

“ The second portion of the centre frames, hav-~ 
ing been previously prepared and fitted. in the carpen-. 
ter’s yard, are brought, in separate pieces, through. - 
passages purposely left in the masonry, to the be- 
fore-mentioned platforms. They are here put together, -. 
and-each frame raised by the suspending bars and 
other means, so that the end: which is to be joined tor - 
the frame already fixed, shall rest upon a-smal] moveable ~ 
carriage. It is then to be pushed forward, perhaps. - 


upon an iron rail road, until the. strong iron forks, . 
' which: are fixed on its edge, shall fall upon a round 
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tvmyrnmms abutment frames. When this has been done, strong my friend, the “vw 


iron bolts are put through eyes in the forks, and:the 
aforesaid second portion of the frame-work-is:suffer- 
ed to descend to its intended positiony.by means-of 
the suspending chain bars,.until it closes with the 
end.of the previously fixed frame, like a rukk jotits 
Admitting the first- frames were firmly /fixed,--and 
that the hinge part of this joint is sufficiently-strong,. 
and the: joint. itself 20 feet- deep, I conceive, that: 
even without the aid of the suspending bars,-that; 
this second: portion of the centering would be-sup+ 
ported ; but we will, for a moment, suppase, .that:it: 
is to be wholly suspended. It is known, by expéri- 
ment, that a bar. of good malleable iron, one ich. 
square, will suspend 80,000lbs. and that the powers. 
of suspension are as the sections; consequently, 4 
bar 1% inches square, will suspend 180,000lbs. ; but 
the whole weight of this portion of the rib, includ-, 
ing the weight of the suspending bar, is -only abont- 
30,000lbs. or one-sixth of the weight that might safe- 
ly be suspended ;. and as I propose two suspending 
chain-bars to each -portion of nb, if they had -the 
whole to support, they would only be exerting about, 
one-twelfth of their power; and considering the 
proportion of the weight which rests upon.the abut- 
ments, they are equal also to support .all the iron. 
work of the bridge, and be still far within. their. 
power. - : OS soe 

.¢ Having thus provided for the second: portion’ 
of the centering, a degree of security far beyond 
what can be required, similar operations are carried 
on from'each abutment until the parts are joined in’ 
the middle, and form a complete centéring ;. and;be-, 
ing then braced together, and covered with plank-. 
ing ‘where necessary, the whole becomes one general. 
platform,. or ‘wooden bridge, to receive the: iron 
work. ae 

*¢ It is, I presume, needless to observe, that upon, 
‘such a centering or platform, the iron work, which, 
it is understood, has. been. previously fitted, can be. 
put together with the utmost correctness and faci- 
ity ; the communication from the shores to the.cen- 
tre will be through the before-mentioned passages in 
the masonry. ‘he. form of the iron. work of the: 
main ribs will be-seen, by the drawing, to compose.a: 
system of triangles, preserving the. principal points 
ef -bearing in the direction of the radius. It is pro- 
posed in the breadth of the bridge (@¢. e. 40 feet) to 
have nine ribs, each cast in 23 pieces, and these con-; 
nected bya cross grated plate, nearly in .the same. 
manner as in the great aqueduct of Pontcysylte,.over 
the valley of the Dee, near Llangollen. The -fixa- 
tion of the several ribs in’a vertical plane, appearing 
(after the abutments) te be the most important ob- 
ject in iron bridges, I propose to accomplish .this 
by.covering the several. parts or ribs, as they-are 
progressively fixed, with grated or reticulated and 
flaunched plates acrossthe top of-the.ribs. This would 
keep the tops of the ribs immoveable, and convert. 
the whole breadth:of the bridge into one frame, .Be-. 
sides thus securing the top, I propose also having 
cross braces near the bottom of the ribs. re. 

* The ribs being thus fixed, covered, and. con- 
nected together, the great feature of the bridge is 


made: and’ communicated to me b 
- Tare: William Reynolds of Coathrookdale, it requires 
448;000!bs. to crush a cube of one quarter of an 
inch of cast iron, of the quality named. gun-metal, 
it,is-clear, while the ribs are-kept in their true po- 
sition, that-the.strength provided is more‘than ample. 
..: When. advanced thus far, I propose, though, 
not. to remove, yet,to ease the timber centering by” 
haying the feet.of the centering ribs (which are sup 
ported by offsets’in the’ masonry ‘of the front of the 
abutment,) placed upon proper wedges; the rest of 
the'gentering to be eased at the same time by. means 
of the. chain bars. Thus the hitherto dangerous 
operation of striking: the centering, will be rendered. 
gradual and perfectly safe; inasmuch that this new: 
mode.of suspending centering, instead of supporting. 
it from below, may perhaps hereafter be adopted as, 
an-improvement. Although the span of the arch is: 
unusually great, -yet by. using iron as.a material, the 
weight upon the centre, when compared with, large. 
stone arches, is very small. Taking the mere ring of 
archstones im the centre arch of Blackfriars bridge, 
at 156 X43 x5, equal to 33,450 cubic feet of.stone, 
it amounts to 2,236 tons; whereas the whole of the 
iron work, in.the main ribs, cross plates, and ties, 
and grated covering plates, that is to say, all that is 
lying on the centering at the time it is to be eased, 
weighs only 1791 tons. It is true, that from the. 
flatness of the iron arch, if left unguarded, a great 
proportion’of this weight would rest upon the center- 
ing ; -but this is counterbalanced by the operation of 
the iron ties in the abutments, and wholly command- 
ed. by the suspending chain bars. 
~ & When the main ribs have been completed, the 
next .step.is to proceed with the iron supporters of 
the roadway ; and these, instead of being constructed. 
in the form of cireles, or that of perpendicular pillars, 
as hitherto, are here a series of triangles, thus includ- 
‘ing the trite line. of bearing. These triangles are, of 
course, preserved.in a vertical plane by cross ties and 
braces. Iron bearers are supported by these triangles, 
and: upon the bearers are laid the covering plates un- 
der the roadway, which, instead of being solid, are, 
(in order. to lessen the. weight,) proposed to be reti- 
culated. 

“If Lhave, throughout this very succinct descrip. 
tion, made myself understood, it will, I think, be ad.. 
mitted, that the constructing a single arch across the 
Menai, is not only a very. practicable, but a very 
simple operation; and that it is rendered so, chiefly 
by, adopting the mode of working from each abut~ 
ment, without at all interfering with the tideway. 

“* In the case of the Swilley bridge, although the 
arches are smaller, yet being placed on piers, situated 
on rocks, surrounded by a rapid tide, the incon« 
venience af carrying materials, and working, is greatly 
increased ; and supposin g the bridge part constructed, 
an-enormous expence has still to be incurred before 
the roadway can be. carried over the flat ground on 
the Anglesea shore. Therefore, whether ceconomy, 
facility of performance, magnificence, or durability 
be.consulted, the bridge of one arch is, in my opinion, 
infinitely preferable ; and it is no less so, if considered 
in what regards the navigation,” -T 
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This ‘mode of constructing centres, applicable to 


teeny’ stone as well as iron arches, being an original idea, and 
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perfectly simple, and the effects of all its operations 
being more capable of correct demonstration than 
those of the former mode of supporting from below, 
we were glad of being enabled, while this article 
was in the press, to communicate the outlines of the 
scheme, as given by the engineer in his report to the 
Lords of the treasury. If this should be successfully 
practised on so large a scale at the Menai, all diffi- 
culties with regard to carrying bridges over inacces- 
sible ravines or turbulent streams, will, in future, be 
done away, and a new era formed in bridge building. 

We have only given a Plate of the centering, be- 
cause the construction of the-iron work is precisely: 
the same in principle (though on a larger'scale) as 
what has been adopted by the same engineer in Bo- 
nar bridge. See Plate C. 


.We. have now given our readers a distinct view. of 
the progress of the practice of constructing bridges 
with cast iron, as far as it has hitherto been carried. 
We are well convinced that much more will still be 
accomplished; and when we come under the article 
Tron, to treat generally of its qualities and different 


“modes of application, some light will be thrown upon 


the subject, which we expect will tend still fur- 
ther to enhance its importance in the great practical 
purposes of life, 


Although it is trusted the reader will, in this arti- 
cle, have found bridge building as fully discussed as 
he could expect in a work of this nature, yet if dis- 
posed to prosecute the subject more at length, he will 
be enabled to do so by consulting the following able 
authors, who have written on the subject either gene- 
rally, or in describing particular works. 

It is rather surprising, that although the Romans 
had, before the time of Vitruvius, introduced the use 
of the arch, not only in bridges and aqueducts, but in 
theatres and temples, yet he has not been led to dis- 
cuss, or even particularly to notice this prineipal fea- 
ture in Roman architecture. . 

Leoni Baptisti Alberti first wrote upon bridges in 
1481. Palladio followed about a century afterwards. 
Serlio and Scammozzi also treated the subject, and 
the latter gives useful rules respecting foundations. 
See also Ferrari on Arches, in the Act. Sienn. vi. 143. 

Blondel has described the bridge which he built in 
1665, in the tideway upon the Charante at Xaintes, 
Gautier, in 1714, published a treatise expressly upon 
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bridge building, systematically arranged, and contain- 
ing -much useful practical information. Perronet, in 
1768, published an elaborate work, containing very 
minute details of the progress in building some of the 
principal bridges in France, and aiso valuable informa- 
tion respecting materials, foundations, centres, arches, 
scaffolding, and machinery. Regemotte gives an ac- 
count of a bridge of 13 large arches, built by him on 
the Allier at Moulins. Cessart, in his Zravaux Hy- 
drauliques, gives an account of the bridge of Sanmur 
of 12 large arches, upon the Loire. Belidor, in the 4th 
vol. of his Archit, Hydraul., treats of bridges. Parent, 
De la Hire, and Bossut, treat the subject scientifically. 
Seé also Abeille Mem. Acad. Par.i. 159. Sebastien, 
Do. i. 163. De la Hire, Do. 1702, 1712. Senes, Do. 
1719, 363. Couplet, Do. 1729,1730. Chardon, Do. 
1731. .Bouguer, Do. 1734, Bossut, Do. 1774, 534; 
1776, 587. Coulomb, Mem. des Savans Etrangers, 
1773, 343. Giral, Sur les constructions des ponts, 
Ato. Trembley in Rozier’s Odservations, tom. 
xxxili, p. 132. Montpetit in Rozier’s Odserv. tom. 
xxxil. p. 430. 
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een reseed 


In France: 


pinus wrote on. the abutments of arches in the y Prussia 
Mem. Acad. Berl. 1755, p. 386. ; and Euler on the and Russia. 


method of judging of the strength of a bridge froma 
model in the Nov. Comment..Petrop. tom. xx. p. 271. 
See also Lorgna on the Curve of an Arch, in the 
Acta Petrop. ILI. ii. 156. 


Labelye published a short report respecting West- InEngland. 


minster bridge. Goldman and Hawksmoor' also 


treated on the subject of bridges. Semple published 
a detailed account. of the mode of conducting. the 
building of Essex bridge in Dublin. He also treats 
of building in ‘water. Dr Hook, Emerson, and Mul- 
ler, have discussed the principles of arches scientifical- 
ly. Dr Hutton, in a separate treatise, and also in his 
Dictionary, treats ofthe principles of bridges ; and his 
valuable works contain many useful remarks and di- 
rections respecting those edifices. "The late Mr At- 
wood published an essay upon the principles of arches, 
in two parts, in which much science and originality 


_ of mind are displayed. See. likewise Robinson in the 


Phil. Trans. 1684, vol. xiv. p. 583. Robertson oz 
the fall of water under bridges, in the Phil. Trans. 
1758, p. 492. ;.and Dr Thomas Young’s Natural 
Philosophy, vol. ii. p. 175, &c.  (y) 


8 For this valuable and original article on the theory and 


‘practice of Bridge-building, which is the only complete trea- 


tise on the subject that has yet been published, the Editor is 
indebted to Tuomas Trtrorp, F.R.S.E., civil engineer, and 
to Avexanper Nimmo, F, B.S. E. : 
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BRIDGEND, a town of South Wales, in the 
county of Glamorgan, situated on both sides of the 


.river Ogmore, over which there isa good stone bridge. 


‘The town, which consists of a street on each side of 
the river,-is tolerably well built, and is divided into 


three parts, called‘New Castle, Old Castle, and Bridg- 
-end, the.two first deriving their names from: two’ cas- 


tles, the remains of which are still-visible.. The town- 
hall is a neat building, the:market-place is. very. com- 
VOL, IV. PART It. 


-commands a fine prospect. 


BRI- es 
modious, and the parish church is well built, and 
The soil-of the adjacent 
country: is fertile, and in a state of good-cultivation.; 
and great: quantities of salmon, sewin, trout, ‘and flat 


-fish, are-caught in the river.” Fhe chief trades’ car- 
“ried on’ia the town are tanning and tallow chandlery, 
. anda large woollen manufactory hasbeen - establish- 
-ed-by the agricultural ‘society of the county. --Wool- 
len cloths-and- blankets are manufactured-by meatis.of 
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PLAN and ELEVATION of the South end of LONDON BRIDGE from the CENURE of the GREAT ARCH 
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PLAN and ELEVATION of one half of ORLEANS BRIDGE. 
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PLAN and ELEVATION Of one half of BLACK FRIARS BRIDGE. 
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PLAN, ELEVATION and SECTIONS of a BRIDGE built over the. RIVER DEE at TONGUELAND in the STEWARTRY of GALLOWAY. 
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PLAN ELEVATION and SECT TON of the FIRST IRON BRIDGE built ever the RIVER SEVERN near COALBROOK-DALE in the COCNITY of SALOP. 
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Boston Bridge . 
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COFFERDAM used tor Founding the SEA LOCK at the Western entrance of the CALEDONIAN CANAL . 
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CENTERS 
OF WESTMINSTER BRIDGE, AT LOXDON , 


OF BLACKFRIARS BRIDGE, AT LONDON, 


OF NEVILLY BRIDGE NEAR PARIS. OF TILE BRIDGE VE ORLEANS, LN FRANCE. 
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BRIDGE. PLATE CIT. 
THE FINE OLD BRIDGE AT ALCANTARA IN SPAIN BUILT BY TRAJAN. 
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